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Mr. President and Gentlemen, — As you are all aware, there have 
been read before this Association a number of interesting papers on 
high-duty pumping engines, giving descriptions of the same, their 
cost, the duty obtained, etc. In New England every town of any 
size has its public water supply, and in a majority of cases the pump- 
ing engines are of the tandem compound condensing type, there 
being, so far as I know, but two water works supplying less than 
ten thousand inhabitants which have the fly-wheel type of pumping 
engine, — Abington-Rockland, and Andover, Mass. 

We who are doomed to run the old type of engines that were the 
- standard twenty years ago, — while we believe that the pumping engine 
of the future will be of some high-duty type, whatever the size of 
the town may be, and while we look with longing eyes at the nicely 
running fly-wheel engines in use in our cities,—in most cases can 
never enter the promised land. And, as we cannot alter present 
circumstances, let us see how we can make the best of existing 
conditions. 

As there are many cases where superintendents are also engineers 
of their pumping plants, and in most such cases the plant has to be _ 
neglected more or less that they may give office and line work the 
necessary attention, I am constrained to prepare this paper, hoping 
jit may prove useful in such cases. Also, where superintendents are 
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not obliged to handle the coal shovel, but are interested to know 
whether their pumping plants are giving the best results, I trust they 
may find in this paper some information that will help them in their 
conclusions. 

Now, as the vital principle of the plant is contained in the boilers, 
let us begin there. We will assume that the boilers are of the 
horizontal return tubular type, of course proportioned to the work 
the engine has to do. 

It has always been the custom, as far as I have observed, to pro- 
‘portion the grate surface according to the diameter of the boiler; 
that is to say, a boiler five feet in diameter will have a grate surface 
of twenty-five square feet. Whether the boiler is driven or not, I 
have always found these proportions too large, and in every case 
where I have reduced grate surface by bricking up the fire box on 
the sides, the duty of the pumps has been increased, and the tem- 
perature of the chimney gases decreased, as shown by the decreased 
temperature of the boiler room. 

My smoke bonnet is painted with a paint mixed with oil, and it is 
not blistered and does not peel at all. The paint has been on about 
a year. My theory is that with a slow fire the gases are apt to ignite 
in the uptake instead of in the tubes. 

In bricking up furnaces, care must be taken to fill in solidly be- 


‘hind the wall, so that no space shall be left through which air may 


be drawn up. 

Next, are there any cracks in setting, iron fronts, on top, or in 
any fittings between uptake or chimney that will allow air to leak 
through? Test by taking a torch, with dampers open, and holding 
it near any such crack: if flame is drawn in, mark the place with 
chalk. Stop the cracks in brickwork with calcined plaster, using 
a putty knife. (Don’t mix much plaster at a time, as it sets very 
quickly.) If there are air leaks on top of boiler where brickwork is 
built in against it, or over the back connection, lay down asbestos 
paper and cover it with fine sand. Calk spaces in ironwork with 
asbestos wicking and cover with putty. Be sure that brickwork 
over fire doors is tight, that the gases may not take a short cut to 
the chimney. You will be surprised at the results, if you had many 
cracks in the setting. 

I will not touch on keeping boiler tubes clean, for of course you 


Lack of air space in grates is a very bad disease. I have been in 
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the habit of splitting my grates and spacing them farther apart as a 
cure for this trouble. Now, that allows quite a lot of coke to fall 
through the grates. Well, on the last hour of my run I wet the 
contents of the ash pits and throw them into the furnaces, and from 
the refuse of a ton of coal I get fuel enough to run an hour. I have 
. done this for twenty-one years, — and that means millions of gallons 
of water pumped with a waste product. Always keep ash-pit doors 
wide open; if you have a fireman and you find him closing the doors 
to check the fires, take them off all together. When fires are to be 
checked do it with the damper in the uptake or chimney ; for check- 
ing at ash-pit doors is like trying to stop a runaway horse by drop- 
ping the reins, and putting brakes on the wheels. Put the bit in his 
mouth ; or, in other words, use damper in chimney. You must get 
about twenty tons of air through your fires for every ton of coal you 
burn, and this will not be possible if ash-pit doors are closed. Also, 
the grate bars will last a gréat many years longer if they are kept 
comparatively cool.. 

Now as to feed water ; the ordinary compound condensing pump- 
ing engine will give you a hot well temperature of about 100° F. 
Pumping from the hot well through heater will raise this temperature 
to 120° F. Now, if you will disconnect the exhaust of your air 
pump from the main heater, and have that exhaust go through an- 
other small heater (of course taking feed water through the same), 
this will bring the temperature of the feed water up to about 170° 
In plants that have no jacket pump a large amount of heat is being 
blown to waste through traps. I made some experiments with the 
steam loop, for the return of this water to the boilers; but having 
trouble in getting the loop high enough, I have adopted a device which 
pumps the jacket water into the feed pipe with the feed water in- 
creasing the temperature to such a point that the business end of 
a parlor match held against the pipe will melt and ignite. I don’t 
know how hot the feed water is now, as my thermometer, which 
was graded up to 200°, blew up when it was immersed in the water. 
The water when drawn from the feed pipe has little jets of steam 
in it. The jacket condensation is a gallon every three minutes with 
a temperature of 315° F. In Steam Engineering of May, 1901, is a 
cut and description of the device, to which any one interested is 
referred. ‘The cut is here reproduced as Fig. 1. 

Feed steadily and from main pumps if possible, and thus save the 
steam, oil, and packing that it would take to run a feed pump. 


. 
= 
9 
g 


170 THE BEST RESULTS IN SMALL PUMPING STATIONS. 


If you have a damper regulator that won’t keep the steam within 
a pound of a certain point, there must be something the matter with 
it, at least if it is of the more modern types. Causes for its not , 
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Fie. 1. —Jacket Pump. 


working promptly may be,—the lever arm may touch somewhere, 
pressure pipe may be stopped up, or, if it isa water piston regu- 
lator, the valve may be either stuck or leaking. 

As to the pumping engine itself, one thing of importance is to re- 
duce engine friction as much as possible. One step in this direction 
is to have the piston rods packed in such a way as to reduce friction 
there as much as possible. A very good way is as follows: Take 
any round rubber-cored packing that is an easy fit for the stuffing 
box ; cut rings as long as you can crowd into the box; put in a ring 
of packing, then take asbestos wicking and wind around rod twice 
and tie it once, then put in another ring of packing, and then more 
wicking, alternating until stuffing box is full; screw up the stuffing 
box hard and let it remain so until just before starting up, then slacken 
off the nuts as far as you can safely, and the steam and water getting 
in among the packing after a few minutes will pack the rod nicely. 
You will find that this way of packing will cause very little friction 
on the rods, and that they will take on a beautiful brown polish. If 
steam blows out around the gland, tie a piece of rag around that, 
and shove it home. 

Next, are you sure that your high-pressure steam rings are not 
turned so that the split in them comes opposite the steam ports, 
causing a wasteful blow? Also center low-pressure pistons with your 
calipers, and be sure that the packing rings in that piston are set 
out in as true a circle as in you lies. Have you leaks in steam jack- 
ets that allow steam at boiler pressure to escape into low-pressure 
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steam chests or cylinders? I have known cases where the steam 
in jackets being left on all night would draw all the steam from the 
boilers, and condenser and air pump would be red hot in the morn- 
ing. Such a leak will cause a heavy draft on the coal pile, and does 
no one any good. As to the locality of leaks, they are most liable 
to be found at bottom flanges of low-pressure steam chests. Our 
system of putting in gaskets is to use asbestos sheet packing, and 
after putting it into place wet it thoroughly so that flanges will bed 
themselves in it. At the place where the jacket holes come we put 
in extra pieces as large as fifty-cent pieces,-and, of course, with 
holes in the center; these being also wet and stuck to the gasket 
reinforce the gasket at that place, and the joint will never leak. 
Cylinder heads are treated in the same way. 

It is a good plan to go over all the bolts of the engine with a 
wrench occasionally, and improved vacuum, etc., will be the result. 
If your vacuum does n’t hold steadily, search for leaks with a torch. 
Air leaks will usually be found, if at all, between exhaust pipe 
flanges on low-pressure cylinders and the air pump. I have one leak 
in a peculiar place; it is a blowhole in the iron at the bottom of a . 
low-pressure piston-rod stuffing box ; if the rod packing is not just 
right the leak affects the vacuum somewhat. 

There is a difference in the way that engines must be run, for 
every engine seems to have an individuality of its own. For in- 
stance, one pump will run better with cross exhaust wide open, where 
perhaps in another the opposite will be the case. Find the point 
where the column of air in air chamber will give the best results. 
While upon this subject let me relate something that happened to 
me, and how we finally remedied the difficulty. One of our water 
takers, whose house is located on a dead end, was continually com- 
plaining of a water hammer on the service pipe. It was proposed 
to put an air chamber on the highest point of the service pipe, 
but that was objected to because it would be necessary to cut away 
a part of a shelf. The lady kept sending word to me about the 
hammer, and one day I noticed that the air chamber on the engine 
was nearly full of water, and the thought occurred to me that the 
trouble might be there; so I told the messenger that I would see 
what I could do to stop the trouble, and asked him to let me know 
the next forenoon if it still continued. That night I allowed the 
water to drain out of the pumps, and when starting anew the next day, 
of course, the air chamber was full of air. That stopped the ham- 
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mer on the service pipe, but I was to run up against more trouble. 
The people who are located on the force main began to complain of 
air in meters and service pipes, and so I had to invent some way 
to get air into the air chamber without any of it going into the 
mains, and without draining the pumps. The device is described 

and illustrated in Steam 


Engineering of November 
mS 15, 1901, from which the il- 
lustration, Fig. 2, is copied. 


In regard to our plant, 
we have two engines, a 
Worthington cross com- 
pound condensing duplex 
pump, 18 by 36 by 14 by 
24 inches, and a Blake tan- 
dem compound condensing 
.\ pump, 12 by 24 by 14 by 
18 inches, with independent 
air pump ; also a boiler feed 
pump. We also have a 24- 
inch blower run by a Pel- 
ton water motor to obtain 
| forced draft. We have two 


GBWINGING CHECK 
GLOBE VALVE VALVE 


boilers 16 feet long, each 


6-INCH NIPPLE 


having 72 tubes 3 inches 


in diameter; one boiler has 


oC] of ye lap joints double riveted ; 
oo 0 the other, butt joints with 
| inside and outside covering © 
ee plates, and is triple riveted. 


toe Ate Our lift, including friction 

Fic. 2. _ in foree mains, is 215 feet. 

Our average duty is fifty- 

two million foct-pounds per hundred pounds of coal used, as per 
formula of uniform statistics. 

This duty is obtained by using a fuel composed of one third bitu- 
minous coal from the Red Jacket mine, and two thirds anthracite 
screenings. The cost per long ton at the rate we paid for our coal 
last year is about two dollars and eighty-five cents. The term duty 
has very little meaning for the average man outside of those con- 


| 
| 
¢ 
| 
~ 
f 
it 
i} 
| 
| 


GIBBS. 173 


cerned in water-works matters, and the gallons pumped per pound 
of coal is misleading, as an engine on a low lift giving low duty 
will show more gallons per pound of coal than a better one having 
a higher lift; so in my case I have thought best to find the total 
horse-power developed for the year, and by dividing that by the 
total coal find the number of pounds of coal used to develop one 
horse-power. That, it seems to me, is the plainest way to show to 
an unitiated inquirer which engine is doing the best. 

Cylinder oil plays an important part in getting results from a 
steam jacketed engine, as one lubricator usually does all the work. 
Then again the M. E. P. in the high-pressure cylinder of a com- 
pound engine is so high that an oil that will not vaporize and do 
no good in the low-pressure cylinders is required. Therefore you 
will have to use considerable judgment in your selection of oil, and 
you will not always find that the highest priced oil is the best. Oil 
for your bearings should not cost over twenty cents per gallon. 
Grease is better, and cleaner when used in compression cups. 

Be sure that the pipe that carries oil from the lubricator to the 
steam pipe is tapped half way into pipe, so that the oil will drop into 
the steam, and not run down on the inside of the pipe. Use some 
graphite on rods and in cylinders every day. 

I know the Association will pardon me if I put in a word for the 
engineer. I think that universally the men who are in charge of 
pumping stations are conscientious and faithful, and I would ask 
superintendents to humor their little idiosyncrasies as regards the 
kind of oil, packing, etc., that they want. Personally I am fortu- 
nate in having a superintendent to whom I have only to express my 
_ preferences for material needed and it comes promptly. 

Now, to sum up the whole matter, after everything about the 
plant is in repair, to obtain the best results is only a question of 
nursing ; for, as I have said before, every plant has an individuality 
of its own, and you must study draft of chimney, in relation to the 
direction of wind, weight of atmosphere, etc., and govern your fires 
and fire accordingly. Adjust every part of your engine to give best 
results ; find most economical pressure of steam and height to carry 
water in boilers and air chamber, and the most economical position 
of paris of engines in relation to their fellows, and you will be 
pleased with the results. 
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SMALL PUMPING ENGINES. —Topicat Discussion. 
[February 12, 1902.) 


Mr. Wo. F. Copp.* At the Wannacomet Water Works, at Nan- 
tucket, for over twenty years there has been a steam pumping 
plant consisting of two horizontal tubular boilers, a Worthington 
pump, 183 by 14 by 10 inches, and a Blake duplex pump, 8 by 6 
by 10 inches, all in one building. This plant has been run success- 
fully, without accident to require shutting down and stopping the 
water supply ; but it was not considered safe to have the water supply 
of the town longer dependent on one plant, which might be crippled 
by fire or other accident. It was therefore decided to build an en- 
tirely separate and distinct pumping plant, principally as a reserve. 

Machinery which could be laid up without much deterioration, and 
which could be easily and quickly put in operation, was required ; 
and the outcome was a new pumping station, built on the opposite 
side of the pond from the steam station, and equipped with a Fair- 
banks-Morse gasolene engine of sixteen horse-power, connected by 
a friction clutch to a Deming triplex single-acting power pump, 
84 by 8 inches, of a nominal capacity of three hundred gallons per 
minute (see Plate I). 

After this plant was installed, the ease and certainty of its opera- 
tion, its freedom from the dust, dirt, and labor incident to a coal 
plant, and its generally satisfactory condition, induced us to use it 
in preference to the steam plant. From April to December, 1901, 
it pumped nearly all the water used in town. 


_ In the winter the steam plant is used, that station being kept 


warm, thus protecting the pipes from freezing, etc. 
+ Our water tank being of only fifty thousand gallons capacity, and 
our consumption varying from sixty thousand gallons daily in winter 
to three hundred thousand in summer, frequent and short runs and 
considerable night pumping are required, making it rather expensive, 
both for fuel and for engineers’ services. If we had a larger stand 
pipe, the services of one engineer would be enough. 

The gasolene plant runs as smoothly and nicely as could be wished, 


* Superintendent Wannacomet Water Company, Nantucket, Mass. 
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yet it requires intelligent attention at intervals, to see that oil cups 
are filled and delivering proper amounts of oil, and that all parts are 
properly adjusted. Such a plant should not be left to the care of 
any one not acquainted with machinery, with the idea that it will run 
forever without getting out of adjustment. 

After a run is completed, the oil cups are refilled; the engine is 
wiped off ; a new match for starting is prepared and put in place, and 
the engine is ready for another run. It then requires not over three 
minutes from time of entering the building, to start the engine and 
throw in the pump, and the machinery is going at its full capacity. 

We buy gasolene in barrels, shipped to us by railroad and sailing 
vessel, and store it in a tank made of an old, horizontal boiler we 
had, of about one thousand gallons capacity. It flows from the 
boiler-tank, by gravity, to the fifty-gallon supply tank placed in 
the ground just outside the building, from which it is pumped to the 
engine by a small pump on the side of the engine frame, worked 
from the crank shaft. 

During the eight months the gasolene plant was used, in 1901, the 


Time of ruunuing was 

Duration of continuous runs 

Quantity of water pumped 

Average dynamic head of water, including suction lift 

Gasolene used . 3 207 gallons. 
Cylinder oil 44.5 gallons. 
H. P. required to raise water ....... 8.34 
H. P. required to pun pump ....---ececcccceccccsccccscscceeccessccces 4.17 
H. P. developed by engine 

Water raised 108 feet by 1 gallon gasolene .........- Mindeer -10 400 gallons. 
Water raised 100 feet by 1 gallon gasolene . 11 230 gallons. 


Gasolene consumed per hour sai = 1.77 gallons. 


Gasolene consumed per H. P. hour Ba = 0.141 gallons. 


Duty, 9 364 932 ft. lbs. per gallon of gasolene = 
1 440 759 ft. lbs. per pound of gasolene. 

Cost of gasolene, at water works Sevevessidegsavzes 15 cts. per gallon. 
Total cost of oil, grease, waste, and battery renewals 
Total running expense 

522 — $15.60 per million gallons of water 108 feet high. 

$914.44 per million gallons of water 100 feet high. 
Repairs to engine and pump 
Cost of machinery set up Was about 
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Compared with steam plant, used in 1900, where — 


Quantity of water pumped Was. 500 000 gallons. 
Quantity of coal 241 265 Ibs. = 120 tons. 
Cost of coal at water works about - $4.75 per ton. 

\ To pump 1 000 000 gallons water required......-..+++++++ 624 lbs. gasolene. 

i To pump 1 000 000 gallons water required 7 423 Ibs. coal. 

| (Proportion about 1 to 12 by weight.) 

i Oil, waste and supplies about .........0.ccccecscesccccccesccesscccces 50 


Equal to $19.07 per million gallons 108 feet high. 
$17.66 per million gallons 100 feet high. 


Mr. D. N. Tower.* We have had in operation for the past four 
years a kerosene oil plant with a Hornsby-Akroid engine of about 
thirteen horse-power. This has been run from November to March in 
each year, averaging about one hundred and eighty days, and pump- 
ing on an average one hundred and twenty thousand gallons a day. 
The man starts it in the morning at about seven o’clock, and it is 
discretionary with him when to shut down, but it is usually in opera- 
tion from twelve to fourteen hours a day. Last year the average 
daily consumption of oil was sixteen and nine-tenths gallons to pump 
one hundred and twenty thousand gallons of water; that is, about 
one gallon of oil to raise seven thousand gallons of water one hundred 
and sixty feet. It has worked very satisfactorily. The first year 
we had some little expense for repairs, as we did not fully understand 
the machine, but for the last three years we have had no trouble at 
all with it. There has been really no expense for attendance, because 
the man whe starts the engine in the morning does so when he goes 
to his day’s work, and I pay him $2.25 a day, while I can charge $3 

_a day for his services most of the time. 


* Superintendent of Water Works, Cohasset, Mass. 
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Fic. 2,— Pump GEARED TO KEROSENE ENGINE. 
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ae Fig. 1.— KEROSENE ENGINE, COHASSET WATER WORKS. 
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THE CONSTRUCTION OF A RESERVOIR AND STAND- 
PIPE ON FORBES HILL, QUINCY, MASS. 


BY C. M. SAVILLE.* 


Mr. President and Gentlemen, — At the request of your secretary 
I have pleasure in presenting to you to-day a description and some 
details of construction of a small storage reservoir and a standpipe 
recently constructed for the Metropolitan Water and Sewerage Board 
on Forbes Hill, in Quincy. Mr. F. P. Stearns is chief engineer of 
this board, and the work of which [ shall speak was done under the 
supervision of the Distribution Department, of which Mr. Dexter 
Brackett is engineer. 

The object of the work was to furnish storage and protection to 
the southern part of the water district in case of accident to pumps 
or water mains; to provide for sudden and unusual drafts, and to 
act as an equalizer at this end of the system. With these ends in 
view, Forbes Hill was selected as offering the most favorable loca- 
tion. This hill is situated in Quincy, about one mile from both the 
Wollaston Heights and East Milton stations, on the Plymouth Divi- 
sion, New York, New Haven & Hartford Railroad. It is what is 
known to geologists as a drumlin, a hill oval in shape and com- 
posed of unstratified glacial drift or ‘‘ hard pan.” The summit of 
the hill was about one hundred and ninety feet above low water in 
Boston Harbor, bare of trees, and afforded a magnificent view of 
the surrounding country. 

A map of the Metropolitan Water District showing the pipe lines 
and the position of Forbes Hill Reservoir, in Quincy, is shown in 
Fig. 1. 

In designing the work it was decided that the reservoir should 
have a capacity of about five million gallons, and be so placed on 
the hill that the amount of material excavated should approximately 
equal that necessary for embankment. The standpipe was de- 
signed to hold about three hundred thousand gallons, with its over- 
flow at about the elevation of Fisher Hill Reservoir, Brookline, into 


* Division Engineer, Distribution Department, Metropolitan Water Works. 
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which the pumps at, Chestnut Hill also deliver water for the high- 
service supply of Boston. 

From the indications of a test pit dug at the point of greatest 
excavation and to the depth of the bottom of the proposed reservoir, 
the material underlying the soil was estimated to be very hard and 
compact, containing many stones and small bowlders and sufficient 


2 


LEXINSTON 
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clay to make an excellent embankment, which would be impervious 
to water without the use of a core wall. 

As designed and built, the reservoir is oblong, with its long axis 
running approximately east and west. Its bottom is 280 x 100 feet 
in size, and slopes slightly toward a center drain, which also pitches 
to a sump in the west end. The slope of the surface of the banks 
on the water side is one foot vertical on one and three-quarters feet 
horizontal. The corners are rounded like the surface of an inverted 
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right cone, having the apex at the surface of the concrete at the 
bottom. The top of the bank is about seventeen feet wide, and the 
outer slope is one foot vertical on two feet horizontal. The inner 
slope and bottom are covered with concrete, extending, on the 
slope, about two feet vertically above high water. On top of the 
bank is a granolithic walk, six feet wide, encircling the reservoir. 
On either side of the walk and on the outer slopes the bank is laid 
down to grass. In order to dispose of material of a loamy nature, 
which it was thought unwise to use in the main banks, a berm 
twenty feet wide was built along the entire northerly side, where the 
built-up bank was highest. The gate chamber is located at the west — 
end, partly in excavation and partly in embankment. Flights of 
granite steps on either side lead to the walk about the reservoir. 

Nearly opposite the gate chamber is the steel standpipe, thirty feet 
in diameter and sixty-four feet four inches high, resting on a heavy 
concrete foundation, in which is a vault containing the gates for con- 
trolling the water in the standpipe. The standpipe is enclosed in 
a granite masonry tower, the roof of which, reached by a circular 
iron stairway, can be used as an observatory. 

All of the above-described work is completed except the tower, 


which is now under construction. The plan and typical sections of 
the reservoir are shown in Fig. 2. 


RESERVOIR. 


On June 26, 1900, bids for building -the reservoir and standpipe 
foundation were received, based on an estimate of quantities which, 
together with the bids, is given in Table No. }. 

The contract was awarded, July 7, to Messrs. Beckwith & Quack- 
enbush, of Mohawk and Herkimer, N. Y. On July 16, the con- 
tractors began to bring materials and tools upon the ground and 
commenced erecting an office and cement shed. Almost the first 
thing done was to set up a single-drum hoisting engine and boiler, 
which by means of ‘a wire cable helped haul heavy loads up the hill. 
The nearest public street was nine hundred feet away from the 
work. From this the way to the top of the hill rose with an almost 
uniform slope of ten feet per one hundred, partly over a private 
street and partly over the open hillside. 

Excavation and Embankment. — The reservoir site was first 
stripped of loam to a depth of about two and a quarter feet. A 
sufficient quantity of this was placed in spoil banks, from which it 


| 4 
: 
‘ 


=p —2: =2 


2 
= 0= 


| 


FIG, 2, PLAN OF RESERVOIR AND-STANDPIPE AND SECTIONS OF RESERVOIR. 
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was later re-excavated and placed on the outer slopes of the banks. 
Five of these spoil banks were built, located with especial reference 
to rehandling the loam as cheaply as possible. Two of them were 
for the blackest and best of the loam, and the others for that of 
a poorer quality. The remainder of the loamy material was placed 
in the berm with one handling. The average cost of stripping the 
loam is shown in Table No. 2. 

After the soil was removed the material generally was found to be 
very compact and hard to excavate, and any water from rain or hose 
would stand in puddles on the surface until it was evaporated rather 
than absorbed. When the excavation for the gate chamber and pipe 
trench was made, the sides were carried down vertically for fifteen or 
twenty feet without any bracing whatever, and in the case of the gate 
chamber these walls were even battered back into the bank at the 
rate of 1 to 12. Twice, before concrete was put in, there was a depth 
of from ten to twelve feet of water in the chamber for one or two 
days, which drained from rain falling in the reservoir. When, how- 
ever, it was pumped out, the sides of the bank seemed to have suffered 
no damage. 

The material excavated varied somewhat, some portions being a 
little more gravelly than others. As a rule, however, four horses on 
a pavement plow, with continual cross plowing to break down the 
material between the furrows, was necessary. 

The contractor tried blasting to loosen the material. The holes 
at first were drilled by hand, two men on a churn drill making about 
ten linear feet of holes per day. Later a steam drill was used, mak- 
ing about thirty feet per day. These holes were located at the corners 
of ten-foot squares. When the powder was exploded the ground was 
considerably shaken and loosened. Unfortunately, however, there 
came 4 rain storm that same night which caused the loosened material 
to settle back into place, apparently as solidly as ever. Later, how- 
ever, it was found that this portion of the work was much more 
easily excavated, and the contractor was very sorry that the blasting 
had not been continued. The contractor himself was away at this 
time, and his foreman, anxious to make a good record and discour- 
aged by the seeming mishap to the loosened material, abandoned 
‘blasting, with which for this purpose he was unfamiliar, and re- 
turned to plowing. 

In order to soften the material somewhat, one or two men were 
employed each night to thoroughly wet the surface to be plowed the 
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next day. This scheme succeeded admirably if care was exercised 
not to get the ground too wet and if it was possible to excavate 
the damp material before it dried and became hard again. 

In starting the embankments, the ground was first thoroughly 
cleaned of loamy material to a depth of at least two and one-half 
feet, for a distance inward from the outer toe of the slope equal to 
about one third the width of the bank. At this point a quick 
drop of about one foot was made and excavation continued at this 
depth for about another third of the width, when a second drop 
of about one foot was made and the excavation carried at such 
a depth that at the inner edge of the bank it would be about five feet 
below the original surface. This method stripped from under the 
banks all soil, and practically removed from the inner third all ma- 
terial that could have been disintegrated by frost. In stepping down 
no attempt was made to get the sharp corners often shown on plans, 
as it was thought that the material could be packed more solidly 
against a sloping surface than in the apex of a sharp re-entrant 
angle. 

The bank was started in the lowest places, the undisturbed ma- 
terial being well wet and thoroughly rolled before placing other 
material upon it. The contractor had a number of methods of work 
somewhat unusual about Boston, but common enough in some other 
parts of the country. Some of the methods, under proper circum- 
stances, deserve more extended use. The work of excavation is 
shown in Plate I, Fig. 1. 

All the excavation, except a few hundred cubic yards in the bottom 
of the reservoir, was done either with wheel or drag scrapers. The 
wheel scrapers resemble immense square-pointed coal scoops, and are 
drawn by two horses. They are so balanced on two iron wheels that, 
by means of handles behind, the cutting edge can be lowered, and 
when the scraper is pulled ahead the material is pushed up into the 
bowl of the scraper. When fall, by bearing down on the handles, 
the cutting edge is raised, and an iron hook automatically catches and 
holds the bowl in place until the dumping ground is reached; the 
hook being then released, the cutting edge strikes the ground, and 
the load is dumped by the movement of the horses which overturns 
the scraper. 

The drag scrapers are similar in shape, but without the wheels. 

The ordinary gang on the work in the hard pan was made up of a 
four-horse hitch on a pavement plow, one man driving and one or 
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Fic. 1.— EXCAVATION AND BANK BUILDING. 


Fic. 2.— BUILDING RESERVOIR BANKS. 
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two men on the handles; four or six scrapers, depending on the 
length of the haul; an extra pair of horses, called a ‘“‘snap team,” 
which helped load each scraper; a man to hold the scraper handles 
while loading ; and, if the material was very hard to excavate, two or 
three extra men to complete the scraper load with shovels. The 
haul for the wheel scrapers was not over two hundred and fifty or 
three hundred feet, and for the drag scrapers about one fourth of 
this distance. 

Theoretically, the wheel scrapers carried about three fourths of 
a cubic yard and the drag scrapers about one half this quantity. 
Under favorable conditions in a soft or sandy soil they would un- 
doubtedly take this amount; but in the material here excavated not 
more than one half as much was excavated per load. At first 
sight this seems a small amount; but if properly regulated for dis- 
tance and number of scrapers to a gang, an immense amount of 
material can be moved in a short time, and at a small expense. 
When the work was well under way in the hard-pan excavation, 
under favorable conditions of haul, each team averaged thirty-five 
cubic: yards per day, and under unfavorable conditions thirty cubic 
yards, making from eight to ten trips per hour. 

Excavation by scraping is hard on both horses and driver, as the 
team is continually in motion. 

Even under the adverse condition of the material here excavated, 
the use of scrapers was found to be much more economical than cart 
work while the banks were low and the haul short. This was demon- 
strated on the work as follows: — 

One forenoon two of the scrapers were out of commission for re- 
pairs, and two others were taken off, leaving one gang of four 
scrapers at work. Single tipcarts were substituted for the other 
scraper gang. A careful record was kept of the work done by these 
two methods, which proceeded side by side and under identical con- 
ditions. Without including charges for foreman and for loosening 
the material, which were the same under both methods, it was found 
that four scrapers, one snap team, and four men beside the drivers 
moved to the banks one hundred cubic yards of hard pan in five 
hours at a cost of fifteen and one-half cents per cubic yard; while 
six carts with fourteen men beside the drivers moved seventy-five 
cubic yards in the same time at a cost of twenty-four cents per 
cubic yard. The quantities moved during this time were more than 
were generally averaged, as the gangs were working against each 
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other; nevertheless, the proportionate relation of the methods under 
similar conditions of hau! and material holds good. 

Three rollers, each weighing about four thousand pounds and drawn 
by two horses, were used onthe banks. These rollers were composed 
of gangs of separate cast-iron wheels, the alternate ones being of 
larger diameter than the others. Two of these rollers were four feet 
wide and the other about six feet wide. The method of building 
and rolling the banks is shown in Fig. 2 of Plate I. 

In order to provide water for wetting the bank and later for the 
concrete work, a one and one-half inch wrought-iron pipe was laid 
entirely around the reservoir, a distance of about fifteen hundred 
feet. This pipe had hose connections about fifty feet apart, controlled 
by small valves. The pipe was connected at both ends with the 
twenty-four inch main, but when a number of streams were wanted 
at the same time and through long lengths of hose, considerable 
trouble was found in getting a sufficient supply in those portions 
farthest from the main. Three-quarter inch hose was used, and a 
nozzle throwing a fan-shaped spray gave excellent results. By this 
means water could be applied where needed, and places already suffi- 
ciently wet could be avoided. 

The banks were put down in layers four inches thick before rolling. 
Parallel with the axis of the bank the layers were kept approximately 
level; crosswise they were given a slope toward the reservoir of about 
1 in 50. Beginning at about three feet from the top, this slope 
was gradually changed to a very slight pitch outward, to keep water 
falling on the top of the bank from washing the inner slopes when 
ready for concrete. 

Just before placing the dry material, the place where it was to be 
dumped was thoroughly soaked, then theload was dumped and par- 
tially leveled by the scraper edge. Laborers then spread the layer 
evenly, picking out stones larger than about three inches in their 
greatest diameter, especially those which would project above the 
layer when rolled. As great care as possible was also taken that a 
number of smaller stones should not lie together, but that they should 
be separated by the hard pan. When a sufficient length of bank 
had been spread, the roller was run over it three or four times to 
break up any lumps, consolidate the material, and drive up water 
from the under layer. After this it was sprinkled and rolled until the 
whole surface had a fresh, bright appearance and the wheels of the 
roller left only a faint impression upon it. Sufficient water was 
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constantly applied under this second rolling to make the material 
plastic, but not liable to peel under rolling. After a little experience 
the proper amount of water could be determined by inspection, but 
no rule could be followed, as the material varied so in the amount of 
clay it contained. 

If the bank was too wet, either from sprinkling or from rain, it 
would rise in a wave in front of the roller, and work had to be 
stopped at that point until the bank had dried. On this account some 
difficulty was found in keeping laborers. Just after a-rainy day or 
two, even if the weather were fair and clear, excavation could not 
be carried on, as the banks were not sufficiently dry to be worked 
on, and the material was too wet to be properly laid down. Usually 
the banks were ready for work long before the material could be 
excavated. 

As a rule, the banks were kept level as stated. At the southwest 
corner, however, the bank was left low for a time on account of the 
roadway for bringing the last of the material from the bottom and 
carrying in materials for concrete work. On the easterly end, during 
the latter part of the work, the bank was built to grade as soon as 
possible, in order that concrete work might start. The layers of the 
embankment in these places were stepped back at the rate of about 
ten feet for each four-inch layer. 

In order that that portion of each layer near the inner slope might 
be rolled as thoroughly as others, the bank here was built with an 
extra width of about a foot, and this excess portion trimmed off just 
before the concrete lining was laid. The trimming of these slopes, 
the excavation to grade in the bottom, and the taking out of the 
roadway were the most expensive parts of this work. 

An idea of the comparative cost of this work is to be had from 
Table No. 2.. The slopes were plowed twice, and the material cast 
down the bank to the bottom. At first drag scrapers were tried, but 
were soon abandoned for pick and shovel, as the scrapers dug so 
deeply and unevenly into the bank. 

-Carts were used for transporting materials excavated on this por- 
tion of the work. They were of a pattern seldom used here, being 
of the self-dumping variety, holding from one and one-half to two 
cubic yards, and drawn by two horses. Being somewhat longer 
than the usual two-horse dump cart, they allowed a larger gang of 
men to work around them while being loaded. When the dump was 
reached, without stopping his horses, the driver with one hand re- 
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leased a pawi, which allowed the two leaves forming the bottom to 
swing downward, dumping the load. On the way back, by means of 
a lever and chain working over a sprocket wheel, he would draw up 
the bottom, ready for the next load. 

The method employed with these carts was to have two of them 
for one pair of horses, and while one cart was on its way to unload 
the other was being filled. On his return the driver would change his 
horses to the now-loaded cart, leaving the empty one to be filled. 
Beside utilizing the horses, which are the most expensive item in 
team work, to their utmost capacity, the laborers also were urged 
along by the fact that the cart must be loaded by the time the horses 
returned. Beside being easily unloaded, materials could be landed 
by these carts in places where ordinary carts could not be drawn 
and dumped. 

When November of 1900 came, finding the embankments and ex- 
cavation still far from completion, it was decided to protect the 
banks during the winter by filling the reservoir with water. The 
banks were built to elevation 189, six feet below the top of the fin- 
ished bank and three feet below the top of the hard pan. A belt 
of riprap (see Plate II, Fig. 1) about five feet wide and six to 
eight inches thick was laid around the top of the bank to pro- 
tect it from wave action, and water was admitted very slowly up to 
about the middle of the riprap belt. Two weeks were taken to 
raise the water level ten feet, in order that the banks might not be 
too suddenly disturbed and slide. Frequent levels were taken on 
the water surface during the winter, and the entire hillside was care- 
fully examined for any unusual flow of water. During this time 
the surface lowered very little, not more than could be ascribed to 
evaporation from water in such a high and exposed place. 

In the spring the rains filled the reservoir so rapidly that it was 
necessary to lower the surface eight or ten inches very quickly. The 
outlet into which the reservoir drain discharged not being of suf- 
ficient size to care for so large a quantity of water in so short a 
time at this season, when the natural drainage was itself very 
large, another temporary outlet had been planned and was in pro- 
cess of construction. _This was not quite in condition for use, and 
as there seemed a possibility, at least, that the water might overtop 
the banks, two wrought-iron pipe siphons, one four inches and the 
other one and one-half inches, were set up and used for a day or two 
until the temporary outlet was ready. Previous to setting up the 
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Fic. 1.— CONDITION OF WORK AS LEFT FOR WINTER OF 1900. 


Fig. 2.— ENTRANCE TO GATE CHAMBER. 
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pipes, a very successful siphon was made with the suction hose from 
an ordinary diaphragm pump. 

After this the water was withdrawn very slowly and the banks 
carefully watched for cracks and slides. A slight slide of a few 
cubic feet occurred while the water was being lowered at the rate 
of three quarters of aninch per hour. The rate was at once reduced 
one third, and no further trouble occurred. 

Before Jeaving the work in the fall, levels were taken over the em- 
bankments, and in the spring were again taken in the same places, 
but no settlement was apparent. 

After the hard-pan portion of the banks was finished and the con- 
crete work nearly done, yellow and black loam was taken from the 
spoil banks and put on the outer slopes. Here a feature of the 
scraper work was developed that should be taken into account in 
similar work. It had been expected that there was plenty to put 
two feet of yellow and one foot of black loam on the banks and 
still have a surplus remaining. 

After a short time it was seen that the yellow loam surplus was 
not to be as great as had been expected, and directions were given to 
cut down the depth of the loam layer six inches in order to have an 
even layer over the whole surface. In looking about fcr the cause 
of this reduction, it was found that the amounts scattered by the 
scrapers in taking the long haul from the loam piles to the banks 
fully accounted for it. After the loam piles were all removed, 
except one which still remains at the west end for future use, the 
ground all about the reservoir was plowed up, harrowed, and sowed 
to grass. After the banks were covered with soil they too were 
_ sowed with grass seed and winter rye, scattered over with fertilizer, 
and rolled. 

It was estimated that about 1 043 cubic yards of stone, too large 
to be rolled into the banks, were picked out from the excavated 
material. The greater part of this stone was removed by a gang 
of men and a cart following the plows. A considerable portion, 
however, was thrown out from the layers as spread on the bank. 
This stone was thrown over the outside of the slope. Below the 
berm it was allowed to be buried. Above the berm it was removed 
to the stone piles. To provide drainage for any water which might 
collect in this stone layer, cross ditches filled with stone were dug 
through the berm from fifty to seventy-five feet apart. 

Most of the stone was placed in piles, and afterward either 
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crushed and used in the concrete or placed in the foundations of the 
walk and driveway. Table No. 3 shows the quantities of material 
excavated during this work and their final disposition. Table No. 2 
shows the cost of the excavation in detail. 


Table No, 3. 
QUANTITIES — EXCAVATION AND EMBANKMENT. 


Total quantity of material moved ......... 
1st Handling. 

Black loam to spoil bank8 2414 cu. yds. 

Yellow loam to spoil banks... 55 


Yellow loamto berm... 
2d Handling. 

Black loam spoil banks to reservoir bank....... 1545 ,, 

Yellow loam spoil banks to reservoir bank ...... 3601 ,, 
2d Handling. 

Material used in main = of (trimming inside 

17 466 cu. yds. 


* Stone from Excavation. 


Used for concrete 807 cu. yds. 

Used for foundation of walk ..... 282x504 ,, 

Used for foundation of drive ..... M0x 50% ,, 0» 

Material used in main portion of reservoirbank .......... 16 423 cu. yds. 


Volume in main portion of reservoirbank 
Shrinkage in material used — Quantity .. 949 cu. yds. 


Material excavated for use in main portion of reservoir bank . . + + 17466 cu. yds. 


Volume in main portion of reservoirbank 144 
Shrinkage in material excavated — Quantity 1992 cu.yds. 
— Percentage 11.4% 


Material excavated, for use in main portion of reservoir bank ...... 17466 cu. yds. 
Quantity of solid stone insame ... yy 
Percentage of stone removed from material excavated .......+05 5.9% 


During the time when the work was well under way the average 
force employed on excavation and embankment was : — 


Classification. Number Employed. Rate of Pay. Cost. 

General foreman ...........--e00. 0.9 $4.00 $ 3.60 
Water boys 7.0 5.25 
Carpenter... 5 2.50 1.25 


* Stones were removed only from material to be used in building embankment. 


| 
i 
‘ 
q 
q 
{ 
3 


SAVILLE. 191 


Proportional time only is given to general foreman, subforeman, 
timekeeper, and carpenter, the remainder of their time being de- 
voted to other work in progress at the same time. The price for 
horses during 1901 was $1.50 each. The above force comprised 
three gangs on plowing aad loosening and two gangs each on scrap- 
ing, rolling, and spreading on the banks. From four to six scrapers 
were employed in each scraper gang, both gangs moving a maximum 
-of 1 050 loads, or about 400 cubic yards per day. When the work 
was on the trimming and grading of banks this force was greatly 
reduced. 

Concrete Masonry. 

Concrete masonry (Class A), composed of 1 part of Portland 
cement, 24 parts of sand, and 4 parts of stones, was used for the 
walls and bottom of the gate chamber, for the walls and floor of the 
gate vault in the standpipe foundations, and for cut-off walls on 
the pipe line. 

Concrete masonry (Class B), composed of 1 part of Portland 
cement, 3 parts of sand, and 6 parts of stones, was used for the 
foundation of the standpipe and for the foundations of the steps of 
the gate chamber. 

The bottom and slopes of the reservoir were lined throughout with 
two layers of concrete masonry separated by a layer of Portland 
cement plaster one-half inch in thickness. 

Concrete masonry (Class C), composed of 1 part of American natu- 
ral hydraulic cement, 2 parts of sand, and 5 parts of stones, was used 
for the under layer of concrete on the bottom of the reservoir. 

Concrete’ masonry (Class D), composed of 1 part of Portland 
cement, 24 parts of sand, and 64 parts of stones, was used for the 
under layer of concrete on the slopes of the reservoir. 

Concrete masonry (Class E), composed of 1 part of Portland 
cement, 24 parts of sand, and 4 parts of stones, was used for the 
upper layer of concrete on the bottom and slopes of the reservoir. 

It was specified that the cement should be properly tested, that 
the sand should be of approved quality, and that either clean gravel 
stones or crushed rock should be used in the aggregate. None of 
the stones were to be larger than two and one-half inches in their 
greatest diameter, and those used in the upper layer in the reservoir 
lining were limited to one and one-half inches. 

It was also provided that this upper layer should be formed in 
blocks, half of the blocks, alternating in both directions, being first 
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made and allowed to set. The surface of these blocks was to be 
finished smooth and true to the slope required, and if plastering was 
necessary to obtain this, it was to be applied before the concrete had 
set. The whole cost of such plastering was to be included in the 
i ‘price stipulated for Class E concrete. 

The quantity of concrete masonry paid for was that deposited in 
place in accordance with the plans and specifications. 

About 4 350 barrels of cement were used on the work, 3 850 being 

Atlas Portland and the remainder being either Hoffman or Beach’s 
natural cement. The Portland cement was put up in both barrels 
and bags, while the natural cement all came in bags. For testing, 
one sample was taken from the equivalent of each five barrels. All 
of the cement showed excellent results under the tests applied, which 
were those ordinarily employed for fineness, time of setting, tensile 
strength, and checking. 
From the measurement of one hundred and fifty Atlas cement bar- 
rels the cubical contents between the heads was found to average 
3.54 cubic feet per barrel, and from top to bottom with the heads out 
the cubical contents was 3.75 cubic feet. 

In measuring stone and sand for the concrete, 3.7 cubic feet was the 
amount allowed per barrel by the specifications. 

The following information concerning cement packages used on the 
work is given as the result of numerous determinations : — 


Barrel full of cement (Atlas) weighs .........+-.+. +++ 402.8 lbs. 
Barrel empty 18.5 lbs. 


Paper in 19.2 ,, 
Net weight of cement in 383.6 Ibs. 

Average weight per bag full of cement (Atlas).......... 96.6 lbs. 

Average weight per bag empty... 


Average weight of cement in bag.....-.......+- 


Four bags of this cement were used as the equivalent of one barrel. 
For the natural cement it was assumed that the net weight of cement 
_ per barrel should be about three hundred pounds. 


Average weight per bag full of cement (Hoffman)........ 
Average weight per bag empty 
Average weight of cement in bag........-+-.+see. 


Two bags of this cement were taken as the equivalent of one barrel. 
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Average weight per bag full of cement (Beach) 104.4 lbs. 
Average weight per bag empty....-.. 
Average weight of cement in bag............+- 103.5 Ibs. 


Three bags of this cement were taken as the equivalent of one 
barrel. 

During 1900 the Portland cement was delivered on the work at 
the following cost per barrel : — 


On board cars at Hast 
Unloading, teaming, and storing (contract) 


During 1901 Portland cement was reduced in price, and cost per 
barrel on the work : — 


On board cars at East Milton.........sssseeeeeee 
Unloading, teaming, and 


The natural cement cost : — 


On board cars at East 
Unloading, teaming, and storing.... 


Barrels returned to the factory are nominally worth twenty-five 
cents each, but on account of freight, broken and stolen barrels, etc., 
it is only safe to estimate on a rebate equivalent to five cents each for 
the whole number of barrels of cement bought, if care is taken to 
return the empty barrels. 

If the cement is bought in bags of four per barrel, much greater 
saving is possible. The bags are nominally worth ten cents each, or 
forty cents per barrel, and as they can be packed in small space, are 
easily cared for and not readily damaged, they are worth an equiva- 
lent of thirty cents per barrel of cement bought after deducting all 
charges. On this basis the net cost of cement per barrel or per bag 
based on return of bags or barrels would be : — 

Delivered Delivered in Bags 
in Barrels. (4 bags = 1 barrel). 


Net cost $1.93 


Thus, if a large amount of cement is required which is to be used 
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The sand used was for the most part of excellent quality, some 
coming from a pit in Avon and the remainder from Milton, either 
from a pit opened for the purpose or from an excavation for the 
Metropolitan sewer trench at the foot of the hill. The Avon sand 
weighed about 93 pounds per cubic foot, and although very clean and 
sharp was a little too fine for concrete work. The pit sand from 
Milton was of fair quality if care was taken to thoroughly strip 
the loam from the surface. The best sand was that which came 
from the sewer trench; this had all the requisite qualities, — coarse 
enough, sharp, and thoroughly clean, as it was excavated from 
a water-bearing stratum. 


During 1900 the cost of sand delivered on the hill was $1.13 per cubic yard. 
During 1901 the cost of sand delivered on the hill was $1.02 per cubic yard. 


The greater part of the stone used in the concrete was obtained from 
the excavation and crushed on the ground. Previous to setting up the 
crusher, about seven hundred and fifty cubic yards of gravel stones 
were bought. These stones were taken from a gravel bank at the 
foot of the hill, passed through a power screen, supposedly rejecting 
sizes above two and one-half inches and those below three eighths 


of an inch. These stones were delivered on the hill for $1.13 
per cubic yard. The average weight of this gravel was 111.3 
pounds per cubic foot. It was very dirty, and before using it had 
to be thoroughly washed. The method employed was to fill an iron 
wheelbarrow with the stones, tip the barrow a little, and allow 
water from a hose to run through the gravel till the waste water was 
clear. 

After the stone-crusher was put up, about two hundred cubic 
yards of gravel stones which had not been used were run through 
the crusher, the screen being set to reject sizes below one-half 
inch. This stone had lain spread out in the hot sun for several 
months and was thoroughly dry. The shaking it received going 
through the crusher removed all dirt, which with the fine stone 
dust was discharged in a pile by itself. This was the most inexpen- 
sive way of getting the stone into satisfactory condition, for beside 
the dirt there were a great many stones of sizes too large for the 
concrete work. The stone-crushing plant consisted of a twelve 
horse-power Hoadley engine belted to a 9x 15 Farrel Foundry and 
Machine Company’s crusher. The engine also ran the stone elevator 
and the revolving screen. The rated capacity of the crusher was 
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125 tons, or about 97 cubic yards per day ; but if a third of this work 
was done without some part of the machinery giving out, it was 
considered a good day’s work. 

The stone bin had a capacity of about thirty cubic yards; it was 
separated into three compartments, one for sizes of stone up to one 
and one-half inches, a second for sizes between one and one-half 
inches and two and one-half inches, and a third for larger stone. The 
stones from the third bin were teamed back to the crusher and passed 
through it again. At first everything smaller than one and one-half 
inches was allowed to pass into the first compartment and used thus in 
the concrete ; after a while, however, it was found that so great a 
quantity of stone dust was coming that it had the effect of adding 
more sand to the concrete mixture. This was probably caused 
by the condition of the jaws of the crusher, which were worn so 
smooth that they ground the stone rather than broke it. To remedy 
this the screen was arranged to discharge everything less than one- 
fourth inch in a pile by itself. A much better concrete resulted, and 
some of the fine screenings were later used in finishing the surface 
of the concrete on the slopes. The best results in all the concrete 
work were obtained by using the gravel stones which varied in size, 
or the ‘‘run of crusher” with the broken stone. Stones all of the 
same size—‘‘road metal” — were always avoided. The stone 
crushed on the hill was mostly trap rock or a hard slate; this stone 
as crushed weighed, loosely packed, about 95 pounds per cubic 
foot. The 14 to 24 inch stone had 49 per cent. voids ; the 1} inch 
and less, 43 per cent. ; the 24 inch and less, —‘‘ run of crusher,” — 
46 per cent., and the gravel stones used during the first of the con- 
crete work only 40 per cent., of voids.” In estimating the amount 
of voids, the stone was thrown into a barrel, without ramming, and 
weighed. Water was then put into the barrel until it rose level 
with the surface of the stone. The barrel, stone, and water were 
then weighed. From the weight of the water its volume was calcu- 
lated and the result assumed as the voids in the barrel of stone. 
It was estimated that the voids were decreased from seven to ten 
per cent. by ramming. 

The cost of the stone-crushing and of the stone used in the con- 
crete appearsin Table No. 5. In this cost there appears a charge 
of forty cents per cubic yard for stone, concerning which the follow- 
ing explanation is made: In the spring of 1901, Messrs. Beckwith 
& Quackenbush, the contractors, having on hand considerable other 
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work at a distance from Quincy, made an arrangement with Messrs. 
Taylor, Carr & Andrews, of Boston, contractors for concrete work, 


Table No. 5. 
COST OF STONE USED IN CONCRETE. 


Cost of Crushing Stone. 
Lumber in bin and platform, 9 M. spr., @ $20; 20 posts, 10’ x 4’, @ 50c.. . 
Rent of engine........ ee 67 days, @ $1.50 


Stone Crushed. 
From excavation. ... .1495 cu. yds. 
1 695 cu. yds. 


Cost of crushing stone . pl = $1.12 per cu. yd. 


Stone purchased ...... - 1495 cu. yds., @ 40c. 
Gravel purchased ..... @ $1.15 
1 695 cu. yds. cost 


Average cost of stone bought for crushing, percu. yd. 
Average cost of crushing stone, percu. yd... 


Average cost of 1 695 cu. yds. stone used in concrete, percu.yd..,..... 


Cost per Cubic Yard of Stone Used in Concrete, 1901. 
Stone crushed on work...... - 1695 cu. yds., @ $1.61 
Gravel purchased... 81 , @ 1.15 
Crushed stone purchased. .......- @ 1.45 
1 985 cu. yds. cost 


Average cost per cu. yd. of stone used in concrete, 1901. .......+0e6 
Cost per cu. yd. of gravel stones used in concrete, 1900 ........0ee8 


to finish the concrete then remaining to be done. This included con- 
crete of Classes C, D, and E, the plaster work, and the grano- 
lithic walk. The stone above mentioned had been saved by Messrs. 
Beckwith & Quackenbush to be crushed for the concrete, and part 
of their arrangement with the concrete contractors was to buy this 
stone as it lay for forty cents per cubic yard, based on the concrete 
measurements, together with about three hundred cubic yards of gravel 
stones that had been left over from the concrete work the previous 
year. The stones taken from the excavation were scattered over a 
considerable area, and they were very dirty from the clayey material 
which adhered to them. One of the principal causes of the high cost 


$ 190.00 
1,221.00 
201.00 
100.50 
142.00 
$828.00 
49 
1.12 
$1.61 
$2 728.95 
98.15 
$3 126.60 
$1.57 
$1.13 
: 


198 FORBES HILL RESERVOIR AND STANDPIPE. 


of this stone was the expense of picking up and washing previous to 
crushing. 

All of the concrete was mixed and placed by hand. Instead of 
using barrels to gage the sand and cement, boxes without bottoms 
were made which, when placed on the mixing board or mortar box 
and filled, would hold the quantity required to be used with one bar- 
rel of cement. The following sized boxes were found convenient : — 


: | 
SAND Box. STONE Box. 


PROPORTIONS 


OF CONCRETE. Volume. | . Volume. 
Size. Cu. Ft. Size. Cu. Ft. 


1—24—4....... 2'9" x2) x 9.25 5! x 4 x 8" 14.80 
2' x 2! x 2! 11.10 5’ x 6 8" x 8! 22.20 

2' 9’ x2 4! 7.40 5! x 5! 63" x 8" 
1—2—64 29" x2 9.25 5! x 7! 2h" x 8! 24.05 


All concrete except that put upon the slopes was mixed moderately 
wet and rammed with a heavy, round-ended rammer until the mass 
quaked. From this method no ‘rat holes” were found in this con- 
crete when the forms were removed. By the use of a spade to puddle 
the material next the forms, a firm, smooth finish was given to the 
faces. As to the probability of a concrete wall being impervious to 
water it is only necessary to state that there is in the gate chamber a 
partition 23 feet high, 11 feet wide, and 3 feet thick, against which 
there is a head of 19.5 feet of water, on which in dry weather 
there is not even moisture. No especial pains were taken with 
this wall, nor was any waterproofing used in it. On the slopes it was 
not possible to place a wet mixture of concrete, and here compara- 
tively little water was used. This concrete was rammed with flat 
rammers about six inches square until moisture just appeared on 
the surface. If the ramming was longer continued or if the mixture 
was even a little too wet, the mass would flow down the slope. The 
method which gave the best results was to mix a batch rather wet 
and scatter it in a thin layer next the earth bank, on top of this plac- 
ing the dry layer and ramming it well into the layer below. In all 
cases where concrete was laid on the earth, the surface was first 
thoroughly wet, so that the water might not be drawn from the 
concrete. As the upper layer on the slopes could not be put on wet 
enough to finish smoothly, it was left about one inch low and finished 
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like a granolithic walk with a wet mixture, troweled and worked until 
dry and hard. Great care was taken to apply this layer before the 
under concrete began to set. Usually it was applied at once, and in 
no case later than twenty minutes after the under layer was placed. 
This finishing layer was mixed in the same proportions as that used 
in the rest of this class of concrete, 1 —24—4, but stone dust and par- 
ticles less than one-half inch in diameter were substituted for the one 


and one-half inch broken stone. The cost of this work is shown in 
detail in Table No. 6. 


Table No. 6. 
COST OF CONCRETE WORK. 
CLass A CONCRETE. 1—2i—5.— PORTLAND CEMENT. 
279 cu. yds. in plan. 


ee ee 1,35 @ $2.23 


Lumber forforms ....... @ 1.00 
Labor. 


Comenmt 


CLass B CONCRETE. 1—3—6.— PORTLAND CEMENT. 
284 cu. yds. 


Labor. 

General expenses . . 
Forms 
Mixing and placing . 


967 


Cxiass C CONCRETE. 1—2—5.— NATURAL CEMENT. 
400 cu. yds. 


Comment... 
Gand 
Stone... eevee 
Lumber for forms . 
Labor. 

General expenses. ......- .08 


Mixing and placing ..... 


Cost percu.yd. 


$3.010 
495 
— 1.955 
3 
$2.390 
497 
127 
1.335 
35.337 
$1.350 
BAT 
1.350 
-090 


FRANK E. WINGOR, 
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CuLass D CONCRETE. 1—24—6}4. PORTLAND CEMENT. 


615 cu. yds. 

O87 cu. yd. @ 1.02 


Lumber for forms .....++ 
Labor. 


CxLass E CONCRETE. 1—24—4.— PORTLAND CEMENT. 
1 322 cu. yds. Cost per 


Sq. Yd. Cu. Yd. 
Partial 
(a) Not including slope finish —1 222 cu. yds. Quantity. 
Labor. 
Mixing and placing ... 


Average cost per cu. yd. for 1 222 $5.93 
(b) Slope finish — 100 cu. yds. or 3 600 sq. yds. 


Labor. 

Mixingand placing -069 


Cu. Yd. 
Total 
Quantity. 
$1.940 

A41 
1.088 
277 


Average cost per cu. yd. for 100 cu. yds... . eee $5.56 
Average cost per cu. yd. for 1322cu.yds......... os 
Average cost per sq. yd. for 3600sq.yds......... $ 154 


PLASTERING — 6 822 sq. yds. 


Cost per Sq. Yd. 


$ .108 
012 


GRANOLITHIC WALK — 695 sq. yds. Cost per 


1. Foundation, 232 cu. yds. Sq. Yd. 
Labor, placing 


$1.652 
1.507 
016 
1.511 
143 
-236 
1.416 
$ .129 
$ .200 i 4 a 
Cu. Yd. 
1.50 
$1.90 
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2. Concrete Base, 90 cu. yds. 
ee eee 0.50cu. yd. @ 1.02 
eee ee 0.84 cu. yd., @ 1.57 


Average cost per sq. yd.. . 
Average cost per cu. 


8. Top Finish. 
eee O13 bbl, 91.58 
- 0.022 cu. yd., @ 1.02 


Average cost per 8q. yd... 
Total average cost of walk ee eee 


In connection with the use of stone dust in mortar, it is interesting 
to note that briquettes in which it is substituted for sand show a 
much higher tensile strength, and, in the work on the East Boston 
Tunnel, stone dust has entirely taken the place of sand. 

All the. concrete when laid was kept thoroughly wet. After it 
was set hard enough not to be washed, it was sprinkled once an 
hour during the day and sometimes into the evening for at least 
two days. After this, for three or four days, it would be well wet 
from four to five times per day, and then once in the morning and 
again in the afternoon, until covered with other concrete or until the 
work was completed. : 

The ordinary composition of a concrete gang was one subforeman, 
two men gaging materials, two men mixing mortar, three men turn- 
ing concrete, three men wheeling concrete, one man placing, and 
two men ramming. ‘Two concrete gangs were usually employed, and 
under ordinary conditions placed about twenty cubic yards per day 
per gang, or about 1.48 cubic yards per day per man employed. 
Beside these gangs, three plasterers and three helpers were employed 
on the slope finishing: on the bottom the material was put in so 
wet that one plasterer was able to finish for a gang of concrete men. 
This concrete was mixed on a wooden mixing platform about twelve 
feet square, and was always turned three times before being placed. 

The upper layer, on both bottom and slopes, was put in in blocks, 
one half, alternating in both directions, being first made and allowed 
to set. On the bottom these blocks were ten feet square, and on the 
sides they were about eight by ten feet. The following method 
was employed in laying the concrete in these blocks: The surface of 
the plaster layer was laid off into parallelograms of required size by 
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$1.87 

Jl 

1.32 
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spots of black paint. On two adjacent lines of spots, three- by 
four-inch scantlings, with the four-inch side vertical and just ten feet 
apart inside to inside, were laid completely across the reservoir. On 
the next two rows of spots the same thing was done. This left a 
clear space of ten feet between scantlings in every other row. In 
these ten-foot rows crosspieces were laid so that every other square 
thus formed would be of the required length. These squares were 
filled with concrete first, and it was allowed to set. When ready the 
crosspieces were removed, and the remaining spaces in the ten-foot 
sections were filled. After this all the longitudinal scantlings were 
removed, leaving vacant rows ten feet wide alternating with ten-foot 
rows filled with concrete. The vacant rows were now similarly 
blocked off by crosspieces, sand bags being used to keep the cross- 
pieces in place. In order to hold the scantlings on the slopes, stakes 
were driven through the under layer into the bank. These stakes 
were so placed that they came in the alternate rows which were last 
to be filled. When the concrete in the rows first placed was well 
set the forms were removed and the stakes drawn by lever 
and chain. The holes were then carefully filled with grout and 
plastered before the remaining concrete in the upper layer was 
placed. 

Between the two layers of concrete a half-inch plaster layer, pre- 
viously mentioned, was placed, in order to provide a barrier imper- 
vious as possible to the flow of water. This layer was put down 
generally in strips about four feet wide and of any convenient length. 
The thickness: was gaged by strips of wood one-half inch thick 
laid on the concrete, and the plaster brought level by a straight-edge. 
‘This coating was worked to a smooth, hard finish, similar to that on 
@ granolithic walk and by the methods there employed. At first the 
proportions used were 1 part of Portland cement to 1 part sand, 
for the greater part of the layer, with a top finish of 4 parts cement 
to 1 part sand. Later, when cracks appeared, the proportion was 
changed to 1 part cement to 2 parts sand, and somewhat better 
results were obtained. Most of the cracks came where concrete 
laid at different times in the under layer was joined. These cracks 
were thoroughly washed with grout before being covered with 
the upper layer of concrete. For keeping the plastering wet, long 
strips of burlap were used. These were saturated with water and. 
laid over the plaster as soon as it was hard enough to bear the 
weight. They formed an excellent covering, as they retained the 
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PLATE III. 


Fig. 1.— RESERVOIR LINING UNDER CONSTRUCTION: UNDER LAYER 
CONCRETE. 


Fie. 2.— RESERVOIR LINING UNDER CONSTRUCTION: PLASTER WORK 
AND UPPER LAYER OF CONCRETE. 
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moisture for a long time and kept the direct rays of the sun from 
the work. The custom was to keep these coverings on the plaster 
for about two days and after that to keep it wet and cool by sprink- 
ling. Beside the plaster between the layers of concrete, the upper 
edge of the concrete against the bank was also plastered as a pre- 
caution against infiltration of surface water and consequent damage 
by frost. 

Before placing any mortar for plastering, the surface of the con- 
crete layer was thoroughly swept with a heavy rattan stable broom, 
wet, again swept, and then moistened just before placing the mor- 
tar. It is thought that the plaster layer is thoroughly bonded to 
the concrete, and in several places where breaks were made the 
plaster could not be removed separately, but both concrete and 
plaster came together. 

The cost of the plaster work is found in Table No. 6. Three 
gangs, each consisting of a plasterer and helper, were employed on 
this work. The average amount of completed plaster work per gang 
per day, under ordinary conditions, was about seven hundred square 
feet. 

The concrete work in progress is shown in Plate III, Figs. 1 and 2, 
and the inside of the completed reservoir on Plate VI, Fig. 1. 

After the banks were built a granolithic walk was constructed on 
top, entirely around the reservoir. This walk is six feet wide, and 
was laid in blocks about six feet long. It has a foundation about 
twelve inches thick of stones of various sizes up to about six inches 
in diameter. On top of this was spread about an inch of cinders 
or fine broken stone, which was thoroughly rolled and consolidated. 
The concrete layer resting on this foundation is four inches thick 
at the sides and an inch thicker in the middle. It was placed 
in one layer, mixed in the proportion of 1 part Portland cement, 
3 parts sand, and 5 parts broken stone. Each block is separated 
from the one adjoining by a sand partition about three eighths of 
an inch thick. At first the concrete was put down in a continuous 
layer and then divided into blocks by pieces of steel about two 
feet long driven down through the layer. As it was almost im- 
possible to get straight lines with these concrete knives, and as it 
was impracticable to lay the walk in alternate blocks on account of 
the width of the bank and the steep slopes, a method was devised of 
using templets between adjacent blocks. These were pieces of steel 
six feet long and three-eighths of an inch in thickness, curved on top 
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to the required arc of the surface of the finished walk. The only 
drawback observed with this method was the care necessary to be 
taken to avoid running the finishing tool over the top offthe templet 
and thus neglecting the surface adjoining, in which case the top 
‘finish immediately against the iron would not be so thoroughly con- 
solidated as other portions of the surface, and |was}liable to crack. 
On top of the concrete layer was placed the wearing surface one 
inch thick, which was composed of 1 part, Portland cement and 1} 
parts sand, with one pound of lampblack per! barrel of cement to 
give the slate-colored appearance. After this layer had been thor- 
oughly worked, the templets were removed, the space filled with 
sand, and a finishing tool for rounding off the edges run around 
the block. The cost of this work in detail is shown in Table 
No. 5. 

The average gang employed on the granolithic walk, exclusive of 
the foundation, was six laborers and a single team on the concrete, 
and two masons and a tender on the finish coating. The average 
amount of walk finished per day was sixty linear feet, six feet wide. 

The cost of the reservoir to the Commonwealth is shown in Table 


No. 9. 


GATE CHAMBER. 


As previously noted, this structure is located in the west bank of 
the reservoir. The front of the chamber, the steps leading to the 
top of the bank, and the sills for stop planks are of best 
quality Quincy granite. The tops of the sills, the treads of the 
steps, the coping and other trimmings are of six-cut dimension stone. 
The exposed portions of the front and wing walls are faced with 
ashlar of an average depth of ten inches, having edges pitched to 
a true, straight line. The stones were laid in Portland cement mor- 
tar, the proportions being 1 part cement to 24 parts sand. On the 
dimension stone the joints were three-eighths inches thick and on 
the ashlar one-half inch, for a distance not less than six inches 
from the face. After laying. all joints were raked out and 
pointed with 1 to 1 Portland cement mortar. It was late in the 
fall and very cold when this was done. In order to work quickly 
the pointing mortar was mixed very wet, and consequently 
dripped over the faces of the stone, giving a very unsightly ap- 


pearance. 
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When work was resumed in the spring the matter of cleaning the 
stonework was greatly delayed, and when at last it was done, it 
was found necessary to entirely remove the pointing, wash the stone 
with acid, and repoint the joints. This work cost about fifty dollars. 
Men thoroughly accustomed to this kind of work were employed, 
as there was great danger of burning and thus spoiling the stone. 
Muriatic acid was used diluted with water in the proportion of 1 
part acid to 2 parts water. This mixture was applied to the stone 
with paint brushes which had outlived their original usefulness. 
About four gallons of acid were used. Two men did the work, 
being employed five days removing the pointing, two days cleaning 
the stone, and two days repointing. About five hundred and sixty 
square yards of stone facing were gone over in this time. 

Inside the gate chamber, above the level of the upper floor, the 
walls were lined with brick tied to the concrete backing with rows of 
headers. This work was left in the same condition as the stonework, 
and in the spring was given a coat of brick stain. This gave it an 

' excellent appearance, and was less expensive and more satisfactory 
than cleaning with acid. 

Except for the two floors, the woodwork in door and frame, and 
the ironwork in floor beams, wall castings, stop-plank grooves, etc., 
the remainder of this structure is of concrete. 

The chamber is covered with Aberthaw sidewalk lights of standard 
construction. The top of this covering is on a level with, and forms 
a part of, the walk about the reservoir. 

The gate chamber is divided vertically into two parts —an inlet 
and outlet chamber, and the gate chamber proper. The effective 
height of this structure is about twenty-two feet. In plan the water 

_ chamber is three by eleven feet and the gate chamber nine and one- 
half by eleven feet. This latter part is divided into three stories by 
two floors of six-inch hard pine, resting on Z-bars embedded in the 
concrete. 

The piping and system of valves in the chamber is best explained 
by the sectional plans, Fig. 3. The main feed to the reservoir is 
through a twelve-inch by-pass from the twenty-four inch main. On 
the main, just beyond the by-pass branch and toward the reservoir, 
is a twenty-four inch gate valve, and beyond this a twenty-four inch 
check valve, so set as to open only when the head on the main falls 
below that in the reservoir. The reservoir is thus a storage basin, 
to be called on only in emergency. Between the check valve 


4 
q 
q 
E 
q 
3 


SAVILLE. 20T 


and‘ the water chamber is a sluice valve, and by shutting this and 
the twenty-four inch gate valve, the check valve can be readily 
overhauled. 

In the bottom of the chamber is a twelve-inch pipe for draining the 
reservoir, into which the twelve-inch overflow pipe discharges. A 
closed gate on the drain on the reservoir side of the overfiow pipe 
allows this pipe free discharge at all times. The overflow from the 
standpipe discharges into the reservoir freely, there being no valves. 
on this line to be carelessly left closed. Flap valves are placed on 
the reservoir ends of both the drain and the by-pass from the 
twenty-four inch main, so that the valves on these pipes can be over- 
hauled without drawing down the reservoir. 

The inlet and outlet pipe from the gate house to the reservoir is. 
thirty inches in diameter. This pipe is laid in a trench, dug through. 
the undisturbed hard pan, and is surrounded by several concrete cut- 
off walls, well bonded into the sides of the trench. 

Inside the chamber is a vertical pipe twelve inches in diameter, for 
a float gage. This pipe is connected with the water in the reservoir 
by a brass pipe, having a strainer on the reservoir end. 

The actual cost of erecting the gate chamber is shown in Table No. 
7, and its total cost to the Commonwealth is shown in Table No. 9. 

A front elevation of the completed gate chamber is shown on 
Plate I, Fig. 2. 


Table No. 7. 


GATE CHAMBER— COST. 


The Commonwealth furnished valves, pipes, specials, iron work, screens, and stop 
planks. Excluding the cost of these, but including the expense of setting the wall cast- 
ings, the actual cost of the gate chamber was :— 


Earth excavation ee 6380cu. yds., @$ .944 $ 594.72 
Concrete masonry, Class A” @ 6.820 1 657.26. 
Concrete masonry, Class ‘‘B”. . @ 5.340 197.58 


Granite Masonry. 


Stone delivered on work $1 000.00 


Cement (estimated). .... 8 bbis., @ $2.23 17.84 


Sand (estimated) ...... 


3 cu. yds.,@ 1.1 3.39 


ile 

q 
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Rent of derrick .. « Weeks 50.00 
— 1 289,91 
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Brick Masonry 
3 500, @ $10.00 per M., 35.00 
Sand ‘(ontimated) 4cu. yds.,@ 1.13 4.52 

$122.72 

‘Woodwork and Covering. 

Aberthaw covering + 182 sq. ft., @ $1.50 $198.00 
Hard pine lumberin floors .... 25.00 


STANDPIPE. 


On July 17, 1900, the following bids for building the standpipe 
were received, and the contract was awarded to the lowest bidder, 
Walsh’s Holyoke Steam Boiler Works, of Holyoke, Mass. : — 


Canvass of Bids for Building Standpipe. 


BIDDERS. AMOUNT. 
‘Walsh’s Holyoke Steam Boiler Works, Holyoke. .... $4 425.00 $0.038 
E. Hodge & Co., East Boston. ... 4 498.00 
Edw. Kendall & Co., Cambridge ........ Papers 5 939.00 051 
D. Wood & Co., Philadelphia 6 720.00 073 


The following details relate to materials and methods of construc- 
tion as provided in the specifications : — 

The standpipe is cylindrical, 80 feet in diameter and 64 feet 4 
inches high. It consists of a bottom of plates, and sides com- 
posed of thirteen courses of plates, each course, except the last, 
being five feet in height. Each course is of the same diameter at its 
top and bottom, and each alternate course is built inside those im- 
mediately above and below it, the inside radius of the lowest course 
and the outside radius of the next above it being each fifteen feet. 


cm 
163.19 
$4 163. 
A 
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The bottom plates are three-eighths of an inch thick. In the vertical 
courses the plates have the following thicknesses : — 


| 6th and 7th courses 
| 8th and 9th 


4th and 5th ae 10th to 13th =, 
| 


The lowest course is connected to the bottom on the inside by a 
3} x 34 x 4 inch angle, and the top course is stiffened by a4 x 3 x 3 
inch angle inside. The bottom angle has closely butting joints, none 
of which come within twelve inches of any joint in bottom or side 
plates. The plates are of open hearth steel, containing not more 
than 0.06 per cent. of phosphorus, and having an ultimate tensile 
strength of not less than 54 000 nor more than 62 000 pounds per 
square inch; an elastic limit of not less than one half the ultimate 
strength ; an elongation of not less than 26 per cent. in eight inches, 
and a reduction of area not less than 50 per cent. at fracture. The 
steel was to admit of bending cold, flat upon itself without fracture, 
both before and after being heated cherry-red and quenched in water. 
Provision was also made for such other tests as might be necessary. 
Laminations in plates or rolled shapes were sufficient cause for re- 
jection, and plates were required to be free from slag, scale scabs, 
etc. No plate was to be deficient in weight more than two per cent. 
of the weight due the specified thickness, on a basis of forty-one 
pounds per square foot for plates one inch thick, and no part of any 
plate was to be one thirty-second of an inch below the required 
thickness. 

The rivets are of best quality rivet steel and are all machine driven, 
except those in inaccessible locations and a very few which were 
driven while the pneumatic machines were out of order. Each course 
is composed of eight plates, and the joints in each course break at 
least three feet. “he vertical joints in the five lowest courses have 
outside butt-straps, while in the remaining eight courses these joints 
are lapped. ll the vertical butt-straps have two rows of rivets on 
each side of the joint. The vertical joints in the sixth to the ninth 
courses inclusive are double riveted, and those in the remaining courses 
single riveted. The horizontal girth joints are lapped and single 
riveted, and the joints in the bottom are made with inside butt-straps 
with one row of rivets on each side of the joint. The size and pitch 
of the rivets in the several courses, in inches, is shown below. 


Lowest course... .. « inch. 
: 
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HORIZONTAL JOINTS. VERTICAL Joints. 
NOTES. 
Size. | Pitch. | Width Lap. || Size.| Pitch. | Width Lap. 
Bottom plates 23 64 
1st course .. 23 3h 3 23 plates and in the 
vertical joints, in 
8d 23 3 23 10} clusive, the width 
of lap is the total 
{th 33 9% width of. the cov- 
Sh.» i 23 23 3 23 9} er plate for butt- 
? joints — in allother 
38 cases it is the lap 
Mth 23 25 28 4} of one plate on the 
one adjacent. 
143 2} 28 4 are in inches. 

The thickness of 
| 8 2h the cover plates 
lith ,, g 1K 2 é 144 2 was the same as 

that of adjoining 
12th ,, 143 2 1K 2 plates in tank. 
18th ,, 2 13 2 
Topangle .. 4 3 


All calking edges were beveled by a planer, at least one-fourth 
inch of metal being removed. All shaping was done by cold rolling, 
no heating and hammering being allowed. No work was done below 
a blue or black heat, scarfing being only allowed in the upper eight 
courses, and the parts scarfed afterwards being thoroughly annealed. 
All eccentricity in rivet holes greater than one thirty-second of an 
inch was reamed, the use of a drift-pin to force the holes to coincide 
not being allowed. 

The bottom of the tank is fitted with openings for the inlet and out- 
let pipe and a drain pipe. At the top there is a connection for the 
overflow pipe. For details see Fig. 4. 

All shop work was done at the boiler works at Holyoke, and the 
parts were shipped to the work ready for erection, which was begun 
October 15. The concrete foundation for the standpipe was all 
ready (see Fig. 5), having been constructed by the contractors for 
the reservoir, as previously noted. On this foundation, and resting 
on rivet kegs directly over its final location, the bottom and first 
course of vertical plates were riveted together, and the inside seams 
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FIG, 4. DETAILS OF STANDPIPE. 
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calked (see Plate IV, Fig. 1). The bottom was then covered with 
water to the depth of the angle iron — about three and one-half inches 
—and the under side carefully examined for leaks. One or two damp 
spots were found, and after the water was drawn off these places 


DETAILS OF FOUNDATION. FOR _STAND-PIPE AND MASONRY TOWER 
FIG. 5. 


were recalked. This portion was then lowered by hydraulic jacks 
and blocking to the concrete foundation. : 

The work of putting together the remainder of the plates was then 
begun. It was provided in the specifications that water might be ad- 
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PLATE IV. 


Fig. 1.— RIVETING BOTTOM OF STANDPIPE. 


Fic. 2. — STANDPIPE PARTIALLY ERECTED, 
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mitted and a floating platform be used forerection. The contractor, 
however, preferred to use inside and outside platforms swinging 
from the top of the last plates set up, and for hoisting the plates he 
used a gin-pole bolted to seams in this course. This pole was of 
such length that a block at its top would be about nine feet above 
the top of the course to which the pole was bolted. The hoisting 
rope passed through a movable block, in which was the hook carry- 
ing the plate to be raised, through the stationary block at the top of 
the pole, down to another block temporarily fastened about five feet 
above the bottom of the tank, across the tank to a block permanently 
fastened directly opposite the manhole, through which the rope 
passed to a winch operated by hand. The method of erection and 
the partially completed tank are shown on Plate IV, Fig 2. 

The riveting and calking, except for some special reason, were all 
done by pneumatic machines. Power was furnished by a twenty-five . 
horse power boiler, carrying a steam pressure of eighty pounds, and 
a twelve horse-power Clayton Air Compressor, furnishing a pressure 
of from one hundred to one hundred and ten pounds per square inch. 

All the calking was done by a hand machine, using a round-nosed 
tool. The tendency was to use a thin tool and just upset the calk- 
ing edge of the plate or strap. The method required was to use a tool 
with a thicker edge, starting it at about the middle of the plate edge 
and working here until the inner portion of this edge was driven 
against the other plate. The calking proceeded much slower by this 
method, but much tighter and more permanent joints were obtained. 

For driving the rivets hand machines were used almost entirely, 
using a dolly bar to drive against. It had been intended to use a 
larger and more powerful tool, called a ‘‘ gap riveter,” hanging from 
a frame resting on top of the plates as erected. This machine did 
not work satisfactorily and was soon abandoned. If this machine 
had been used, it was planned to keep the rivet work just behind the 
erection of the plates, working up from the bottom. On account of 
not using the ‘‘ gap riveter,” and also on account of repairing the air 
compressor, which gave continual trouble,— not being large enough 
for the work,— it was decided to set up all the plates with bolts and 
then do the riveting, beginning at the top and working down. 

The erection was finished November 20, all riveting and calking 
was done December 13, and the painting was finished a few days 
later. 

After the work was done the tank was filled with water to a depth 


: 

as 
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-of about six feet. The bottom of the tank was now resting on the 
rivet heads on top of the concrete foundation. The space between 
the bottom plate and the top of the concrete at the edge of the tank 
was calked tightly with gasket such as is used in pipe joints. 
Three by four inch grooves had been left in the top of the concrete 
foundation for use in pumping cement grout under the tank. The 
openings to all of these grooves except one were tightly closed with 
wooden plugs, and by means of a pump the grout was forced under the 
‘tank through this opening until it appeared at all of the other openings 
when the plugs were removed. The pump was then attached to each 
opening in turn and grout forced in until further pressure forced out 
the gasket near the opening. About fifteen barrels of Portland 
cement were used on this work. 

After this was done the standpipe was filled with water, and several 
places on the sides where leaks appeared were calked. Several leaks 
about the bottom gave the most trouble, and it was necessary to draw 
-off the water and do some inside calking before they could be stopped. 
On filling the tank again only a dripping was apparent about the 
bottom, and by the next spring this had stopped, and the tank is now 
apparently water-tight. 

The cost of the work is shown in Tables Nos. 8 and 9. 


Table No. 8. 
COST OF FURNISHING MATERIAL AND ERECTING STANDPIPE, 


Labor. 
Assembling plates 
Riveting ‘ 
Calking 
Painting . 


Cost per Ib... . $ .00885 


70 kegs rivets, @ $2.75 

Bolts used in erection 

Moving material to and from shop and cars . . . 
Freight on material 


$3 489.50 Costperlb....  .02996 
Total cost $4520.52 Total cost per lb., $ .03881 
‘Estimated cost of field plant + + « $1600.00 


Force employed and rate, — 
1 foreman, @ $3.50; 1 calker, @ $3.00; 1 riveter, @ $2.50; 1 engineer, @ $2.50; 2 heaters, 


@ $2.00; 3 helpers, @ $1.80. 


Materials. 
55 tons steel plate, @ $50.00... ...... « $2750.00 
192.50 
10.00 
250.00 
180.00 
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Table No. 9. 


COST OF WORK TO COMMONWEALTH OF MASSACHUSETTS. 


(To January 1, 1902.) 

RESERVOIR. 

Earth excavation, 30 100 cu. 

Rock excavation. 

Concrete masonry 

Plastering ... 

Granolithic walk 

Seeding 

Railing and labor 

Miscellaneous: plastering, grading, etc., extra. 


GATE CHAMBER. 
Earth excavation, 630 cu. yds. 
Concrete 
Granite masonry . 
Brick masonry. . . 
Pipe connections — labor 
Woodwork and covering of gate chamber 
Laying water pipes, 30’ and 24" .......- 
Furnishing water pipes, 30’, 24’, 12", and 12 drain . 
Specials and wall castings . 
Stop-planks, screens, float gage, etc. 
Iron work: beams, ladders, M. H. frames and covers, etc. 
Labor: laying drain, teaming pipe, ete., extra . 
Extra on stonework, recutting steps 


STANDPIPE. 
Foundation. 
Excavation, 1 355 cu. yds 
Concrete masonry . . 
Grouting under standpipe 


$2 352.16 


Pipe Connections. 
Furnishing 4", and 12” cast-iron eee 


339.37 


Standpipe, furnishing and erecting (Walsh contract) ..... 4529.72 
Masonry tower (McCoy contract), to January 1,1902...... 11774.05 


MISCELLANEOUS. 
Extension of Section 21 of pipe line. 

Pipe trench excavation, 249 cu. yds. 

Laying 24" pipe... 

24” valve, frame and cover for M. H 

Furnishing 24" pipe . 

General expense: fence, rent of land, spur track, ae. 

Driveway (unfinished), to January 1, 1902 

Extra work: grading land, dispesal of surplus, drive- 


Total cost to January 1, 1902. 
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. 

21.00 
461.54 
30 461.56 

«2282.00 

115.56 

100.00 
480.00 

29.90 
1289.09 
508.80 

i. 
761.71 

47.28 
7 764.39 

20.00 
18 995.30 
$94.62 
44.91 
293,78 
492.54 

62.20 

603.08 
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MASONRY TOWER. 


The bids for building the masonry tower about the standpipe 
were opened May 14,1901, and on May 23 the contract for furnish- 
ing all the materials and doing all the work was awarded to the lowest 
bidder, Mr. J. E. McCoy, of Boston. 

The canvass of bids received for this work was : — 


‘Bidders. 


John Carlman, Quincy 
Fessenden & Libby, Boston 
James H. Jacobs, Boston 
James E. McCoy, Boston 


The following are the principal items included in this work, as esti- 
mated from the drawings : — 


Rubble stone masonry 
Dimension stone masonry 
Iron and steel Work 
Granolithic observation roof 


The plans, sections, and elevations of this work are shown on Figs. 
6 and 7. 

The tower is about seventy-seven feet high from the surface of the 
ground to the top of the caps of the merlons. The inside of the wall 
is plumb, while the outside face has such a batter that the thickness 
of the wall is four and three-quarters feet at the top of the standpipe 
foundation, three and five-tenths feet at a point nine and five-tenths 
feet above this foundation, and two feet just below the cornice arches. 
The merlon caps and embrasure sills are the largest and heaviest stones 
used. There are sixteen each of these, and each stone weighs about 
three and one-half tons. 

Beside its general design, the principal architectural feature of the 
tower is the arch over the entrance (Plate V, Fig. 2). This hasa 
clear span of eight feet five inches, and a rise equal to one half the 
span. Its face is curved and battered to conform with the outside 
surface of the wall, and in this respect presents a form of arch not fre- 
quently encountered. In the drawings the joints of the several arch 
stones were laid out to be cut on planes normal to the vertical plane 
of projection of the arch rather than on planes radiating from the 
center of the tower. On account of the curved surface horizontally 
and the batter vertically, this was thought the easiest way of cutting 
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PLATE V. 


Fic. 2. — ENTRANCE TO MASONRY ‘TOWER. 
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FIG 6. DETAILS OF MASONRY TOWER. 
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the stone, since it allowed the joints to be cut as though the arch 
were in a plane wall, after which the faces could be cut to curve and 
batter. Considerable difficulty was encountered, however, in cutting 
these stones, and it was found best to rough them out as nearly as 
possible, try them temporarily in their places in the arch, resting on 
the centering, and finally trim them to proper shape. This method 
would have been unnecessary if the foreman stonecutter had given 
proper attention to the work, as the plans were perfectly clear in this 
respect. 

The contractor commenced work on May 27. Two forty-foot boom 
derricks, operated by hand, were set up and used until the wall was 
about ten feet high. They were first set up on the south side of the 
tower, moved around to the north side as the work progressed, and 
finally removed altogether. Between the outside of the standpipe 
and the inside of the masonry wall is a space three feet three inches 
wide, in which will finally be placed a circular stairway leading to the 
observation roof. In this space the contractor at once began to erect 
a wooden staging and working platforms. Pairs of uprights three 
feet three inches outside to outside, with one side resting against 
the plates, were spaced about six feet apart around the tank. These 
were of three by four spruce stock except at two places directly op- 
posite each other, where they were of hard pine, those next the tank 
being six by eight and those outside being four by six spruce. These 
uprights were thoroughly cross braced, and when the staging was com- 
pleted two wire ropes were passed around the tower outside the 
inner row of uprights and, when tightened by turnbuckles, bound the 
staging firmly to the tank. When the staging was finished two pairs 
of four by twelve hard pine timbers, six feet on centers and thirty feet 
long, trussed with one and one-fourth inch steel rods, were placed 
across the top of the tank, resting partly on the sides of the tank and 
partly on the six by eight hard pine uprights and other portions of 
the staging. On these trusses and on other timbers resting on the 
top of the tank, a plank platform was built and covered with sail- 
cloth to prevent dirt and stones from falling into the tank. Until 
the wall was built nearly to the top of the tower the tank was kept 
almost full of water, to afford as much stability as possible. On top 
of the platform between the trusses and over the center of the tank 
and tower the derrick was placed with which the larger part of the 
stone was handled. This derrick had a thirty-foot boom and a 
twenty-foot mast. It was held in place by six five-eighths-inch wire 
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guys, anchored to fourteen by fourteen inch hard-pine uprights and 
deadmen from three hundred to four hundred feet distant from the 
tower. 

This derrick was operated by a twelve horse-power double-drum 
engine, set on the ground about sixty feet south of the tower. Single 
iron blocks ten inches in diameter with one-half inch wire falls were 
used until the big stones for the top were to be raised, when a two- 
part block was substituted on the boom. This derrick was pivoted 
so that it could swing all about the tower, but, on account of the 
leaders to the engine, could not make a second revolution in the same 
direction. The staging and partially completed wall are shown on 
Plate V, Fig. 1. 

The following description, partially abstracted from the specifica- 
tions, gives a general idea of the character of the work : — 

The cement, sand, and concrete conformed to the requirements of 
first-class work. Except as otherwise stated, uncoursed rubble 
masonry laid in natural cement mortar, mixed in the proportion of 
1 part cement to 2 parts sand by measure, was used for the wall 
of the tower. The stones in this portion of the work were of sound, 
clean, Quincy granite ‘‘ grout,” from which thin edges and large pro- 
jections had been removed. Headers constituted about one fourth 
the area of the outside face, and were of sufficient size to secure a 


strong bond with the rest of the masonry. The exterior of the tower, 


the interior above the roof, and a band about eight feet wide follow- 
ing the wind of the stairs were laid to such a face that no stone 
projects more than two inches beyond the neat lines. In the re- 
mainder of the work no stone projects nearer to the tank than three 
feet. In the rubble work the stones were all roughly dressed to lay 
with joints on the face averaging three fourths of an inch, great care 
being taken to break joints in the several courses. Very few stones 
were used having a face area less than one square foot, and the least 
depth of bed for the face stones was limited to six inches, the length 
of bed being twice the rise for stones having a rise of less than 
twelve inches. The steps at the entrance, the base course, voussoirs 
of all arches, the quoins of the entrance, the sills and lintels of all 
windows, the belt course at the top of the lower windows, the 
corbels carrying the cornice arches, the sills of the embrasures, the 
caps of the merlons, and the band under the caps were of best 
quality Quincy or Rockport granite. The bed joints of these 
stones were dressed for six inches from the face and laid with a 
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PLATE VI. 


Fic. 1.— INSIDE OF COMPLETED RESERVOIR. 


Fic. 2.— RESERVOIR AND MASONRY WATER TOWER. 
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joint not exceeding one-balf inch for this distance, and a limit 
of three inches for the remainder of the joint, except in the case of 
the radial joints of the voussoirs, where no portion of the joint 
exceeded one inch in thickness. 

The dimension stones were laid with the same quality of mortar as 
used in other parts of the work. The exposed faces of the steps, the 
washes and tops of the sills and bottoms of the lintels of the large 
windows were six-cut, the faces of the sills and lintels of the small 
windows rock-faced, and the remainder of the dimension stone either 
rough or fine pointed. The roof framing consists of steel beams, 
channels, and plates fitted and framed together. At the main en- 
trance there are boiler iron doors stiffened with angle irons, studded 
with rivets, and hung on forged hinges. The stair carriages consist 
of five-sixteenths by eight inch plates and three by five inch angles 
thoroughly braced and anchored to the wail. The treads and land- 
ings are to be cast and have suitable pattern work on the top 
surface. The railings and stanchions are to be of wrought-iron pipe. 
All iron-work is to be of the best quality, and the workmanship first- 
class in every respect... 

An eight-inch overflow pipe from the top of the standpipe and a 
three-inch drain pipe from the roof, both of wrought iron, are carried 
down to the vault in the foundation in a chase left in the wall for 
this purpose. The lower windows and transom over the door are to 
be protected with suitable wrought-iron grilles. 

The roof is to be composed of eight-inch terra-cotta flat arches, ** end 
construction,” covered with Portland cement concrete mixed 1 part 
cement, 2 parts sand, and 5 parts fine gravel. On top of the con- 
crete is to be placed a one-fourth inch coat of neat Portland cement 
mortar, thoroughly troweled and floated to make a water-tight surface 
which shall pitch evenly to drainage points. Over this plastering a 
water-proof covering, two feet six inches wide, consisting of four layers 
of twenty-five pound saturated felt lapped three inches and cemented 
with hot pitch, is to be laid around the roof next the wall. This is 
to be flashed with five-pound lead let into the joints in the wall. On 
top of the plaster surface and water-proof layer is to be spread a 
thin layer of clean cinders and on top of this a concrete layer about 
three inches thick, finished with a granolithic wearing surface sloping 
to a drain in the center of the roof. ‘The intention is, that if the 
granolithic surface of the roof cracks, water will not lodge under and 
in the concrete, and, then freezing, do serious damage ; but will filter 
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through the cinder layer and thence into the tank. This, of course, 
will be only in very small quantities, as the bulk of the water falling 
on the roof will be discharged by the drain outside the tank. 

The upper portion of the stairs and the landing on the roof are to 
be covered with a wooden hood, the exposed portions of which are to 
be of best quality hard pine. Iron brackets about six feet apart 
have been let into the stonework on the inside of the tower about 
three feet below the top of the standpipe to carry a platform to give 
access to all parts of the top of the tank. In the roof two hatch- 
ways with iron frames and covers are placed, to give light and facili- 
tate entrance for work inside the tank. 

On account of delay in receiving the cut stone, the progress has 
been very slow. However, with the exception of the steps at the 
entrance and the cleaning and pointing, this portion of the work is 
now finished. The completed tower is shown in Plate VI, Fig. 2, 
and the detail-of the entrance in Plate V, Fig. 2. 

The average force employed per day during the time when the 
stonework was well under way was, one foreman, one engineer, five 
stonecutters, one blacksmith, two tag men, three tenders, two drillers, 
and nine masons ; —in all, twenty-four men. 

The dimension stone was supposed to be delivered on the work 
ready to be placed, but all the entrance arch stones and many of the 
others were brought to the work in the rough and cut on the ground. 
Beside these many of the other stones required some trimming, and 
some had to be entirely recut. 

After freezing weather came, Portland cement was substituted for 
the natural cement previously used, and the proportion changed to 
1 part cement and 3 parts sand. At this time also all materials for 
the mortar were heated, and the freshly laid masonry protected as 
well as possible. ‘ 

COST OF WORK. 

The several tables show the cost of the work and the quantities 
of materials used and handled except on the masonry tower, which 
is not yet completed. All data of cost except those in Table No. 9 
are actual costs to the contractor, estimated from the force accou’.‘s 
- and notes kept by employees of the Metropolitan Water and Sewer- 
age Board. Table No. 9 is compiled from payments made by the 
Commonwealth on account of the work herein described. 

All elevations given either in the text or on the plates are referred 
to Boston City base, which is approximately the elevation of mean 
low water in Boston Harbor. 
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WATER WORKS STATISTICS. 


WATER WORKS STATISTICS FOR THE YEAR 1901, IN 
FORM ADOPTED BY THE NEW ENGLAND WATER 
WORKS ASSOCIATION. 


COMPILED BY CHARLES W. SHERMAN, EDITOR, JOURNAL OF THE NEW 
ENGLAND WATER WORKS ASSOCIATION. 


The following tables of statistics contain more or less complete 
statistics for forty water works, which have used, more or less closely, 
the form adopted by the Association for summarizing statistics. 
Some of these works report under very few of the headings of the 
summary. 

The Editor has made no attempt to compile statistics from water- 
works reports which do not include at least a partial summary. 

The report of the Committee on Uniform Statistics, containing the 
form as endorsed for use in the 1901 reports, is printed on page 51 
of this volume of the JourNnat (March, 1902). 

Previous compilations of statistics may be found in the JouRNAL, 
as follows : — 


Statistics for Reference to Journal. 
Vol. II, No. 4, p. 28 
1888 to 1892 inclusive ........ Vol. VII, p. 225 
1897-99....+. p-. 65 
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PROCEEDINGS. 


PROCEEDINGS. 


JUNE MEETING. 


Boston, June 25, 1902. 


The June meeting of the Association was devoted to a boat ex- 
cursion down Boston Harbor, a shore dinner at Nantasket Point, 
Hull, and a visit to the works of the Fore River Ship and Engine 
Company, at Quincy. 

The attendance was as follows : — 


MEMBERS. 


Cc. F. Allen, E. W. Bailey, Charles H. Baldwin, L. M. Bancroft, C. H. 
Bartlett, J. E. Beals, J. W. Blackmer, George Bowers, G. A. P. Bucknam, 
Edward W. Bush, L. Z. Carpenter, E. J. Chadbourne, J. C. Chase, F. W. 
Clark, M. F. Collins, B. I. Cook, H. A. Cook, J. W. Crawford, A. O. Doane, 
L. S. Doten, E. R. Dyer, August Fels, R. J. Flinn, Fred B. Forbes, F. F. 
Forbes, E. V. French, A. D. Fuller, H. F. Gibbs, J. C. Gilbert, T. C. Gleason, 
Albert S. Glover, F. W. Gow, E. H. Gowing, J. O. Hall, V. C. Hastings, H. 
G. Holden, J. A. Huntington, Willard Kent, C. F. Knowlton, N. E. Mather, 
W. E. Maybury, N. A. MeMillen, F. E. Merrill, H. A. Nash, Jr., ‘Thomas 
Naylor, F. L. Northrop, C. E. Peirce, J. H. Perkins, C. E. Riley, W. W. 
Robertson, H. E. Royce, P. P. Sharples, E. M. Shedd, C. W. Sherman, 
Wm. B. Sherman, G. H. Snell, J. A. St. Louis, G. A. Stacy, J. T. Stevens, 
W. F. Sullivan, F. L. Taylor, L. A. Taylor, R. J. Thomas, H. L. Thomas, 
Wm. H. Thomas, D. N. Tower, W. W. Wade, C. K. Walker, J. C. Whitney, 
F. B. Wilkins, G. E. Winslow, E. T. Wiswall. — 72. 


ASSOCIATES. 


Ashton Valve Co., by C. W. Houghton; Harold L. Bond & Co., by G. S. 
Hedge ; Chapman Valve Mfg. Co., by Edward F. Hughes; Chas. A. Claflin & 
Co., by Charles A. Claflin; Garlock Packing Co., by Horace A. Hart ; Hersey 
Mfg. Co., by Albert S. Glover; Lead Lined Iron Pipe Co., by T. E. Dwyer; 
Ludlow Valve Mfg. Co., by H. F. Gould; National Meter Co., by J. G. Lufkin 
and Charles H. Baldwin; Neptune Meter Co., by H. H. Kinsey; Norwood 
Engineering Co., by H. W. Hosford; Perrin, Seamans & Co., by James C. 
Campbell; Rensselaer Mfg. Co., by F. S. Bates; A. P. Smith Mfg. Co., by 
W. H. Van Winkle; Sweet & Doyle, by H. L. DeWolfe; Thomson Meter 
Co., by S. D. Higley; Union Water Meter Co., by J. K. P. Otis, Edward P. 
King, F. L. Northrop, and C. L. Brown. — 21. 
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GUESTS. 


H. F. Peck, H. L. Thayer, and Mrs. E. J. Chadbourne, Wakefield, Mass. ; 
Elmer P. Vaughan, Oakland, Cal.; Mrs. Edward M. Shedd, Somerville, 
Mass.; Mrs. Wm. B. Sherman, Providence, R. I.; J. J. Moore, Hingham, 
Mass.; Capt. and Mrs. Albion Miller, New Orleans, Lu. ; George Hardwick, 
E. J. Johnson (City Engineer), and Mrs. H. G. Holden, Nashua, N. H.; Mrs. 
C. S. Proctor, Mrs. A. Fels, Misses Fels, Ellen M. Weaver, F. L. Weaver, 
Mrs. Bucknam, Miss Hillman, Mr. and Mrs. Kelly, Mrs. J. W. Crawford, 
Mrs. George Bowers, Miss Bowers, and W. J. Dowd, Lowell, Mass.; Miss 
Emma L. Hastings, Concord, N. H.; J. F. Gleason, Quincy, Mass.; John 
W. Churchill (Water Commissioner), Plymouth, Mass.; Mrs. Charles W. 
Sherman, Belmont, Mass.; John H. Cook, Paterson, N. J.; Charles H. 
Choate (President Board of Aldermen), Joseph James (Master Mechanic 
Pacific Mills), A. H. Robinson, Daniel Gallagher, Charles H. Donovan, J. J. 
Desmond, and E. L, Arundel (Members Water Board), Lowell, Mass.; Wal- 
ter L. Beals, Chester E. Weston, and Amos H. Eaton (Chairman), Middle- 
boro, Mass.; J. G. Manuel (Assistant Superintendent) and L. P. Stone, 
Natick, Mass.; T. J. Flinn, H. M. Flinn, and T. T. Hubbard, West Roxbury, 
Mass.; Charles F. Merrill, Fred E. Warren, Miss Soule, and Charles E. 
Parks, Somerville, Mass: ; Joel C. Gleason, S. W. Gleason, Mrs. J. A. St. 
Louis, Mrs. George A. Stacy, Mr. and Mrs. C. B. Russell, and A. F. Berry, 
Marlboro, Mass.; Mr. and Mrs. G.'T’. Staples, Dedham, Mass. ; Mrs. Thomas 
Naylor and H. Naylor, Maynard, Mass.; Mr. Cannon (Water Registrar), 
Clinton, Mass.; Mrs. F. W. Clark, Newton Highlands, Mass.; Mrs. W. E. 
Maybury and Mrs. James T. Stevens, Braintree, Mass.; W. H. Hawkins and 
Miss Hawkins, Binghamton, N. Y.; Mrs. C. F. Knowlton and Mrs. J. F. 
Gleason, Quincy, Mass.; B. Sturgard, Lynn, Mass.; George H. Lamson and 
Mrs. Mary E. Lee, Woodward, Ia.; Mrs. C. E. Peirce, East Providence, 
R. I.; A. R. McCallun (Superintendent) and C. F. Allen, Whitman, Mass. ; 
Mrs. C. W. Houghton, Mrs. C. C. Dalton, Mr. and Mrs. B. L. Arey, H. M. 
Crossland, J. A. Mitsch, Capt. E. W. Sears, and W. H. Greenwood, Boston, 
Mass. — 83. 


SUMMARY OF ATTENDANCE. 


Associates . 
Guests. .. 


Counted twice. . . 


A short business meeting was held on the boat, with President 
Merrill in the chair, and the following candidates for membership, 
who were recommended by the Executive Committee, were elected :— 
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Resident Members. 

George K. Boutelle, Treasurer Kennebec Water District, Water- 
ville, Me. 

John H. Flynn, Assistant Superintendent Boston Water Works, 
Roxbury, Mass. 

Edward J. Johnson, City Engineer, Nashua, N. H. 

Clarence A. Perkins, Water Commissioner, Malden, Mass. 

George T. Staples, Superintendent Water Works, Dedham, Mass. 

Norman W. Stearns, Civil Engineer, Roxbury, Mass. 

Thomas H. Wiggin, Civil Engineer, Boston, Mass. 

Frederick W. Witherell, Assistant in Engineering Department, 
State Board of Health, Winchester, Mass. : 


Non-Resident Members. 

Kenneth Allen, Engineer and Superintendent of Water Works, 
Atlantic City, N. J. 

H. N. Blunt, Assistant Superintendent Palmer Water Company, 
Palmerton, Pa. 

Theodore Horton, Civil Engineer, New York City. 

Charles Gilman Hyde, Assistant Engineer in charge of filtration, 
Harrisburg, Pa. 


Announcement was made that the headquarters of the Association 
during the Annual Convention, which will be held in Boston, Sep- 
tember 10, 11, and 12, will be at the Hotel Brunswick, Boylston Street. 

Adjourned. 


MEETING OF THE EXECUTIVE COMMITTEE. 


Boston, June 25, 1902. 

The Executive Committee met on board the boat, before the meet- 
ing of the Association, with President Merrill in the chair, and 
present also Messrs. C. K. Walker, H. G. Holden, G. A. Stacy, 
L. M. Bancroft, C. W. Sherman, W. B. Sherman, R. J. Thomas, 
and Willard Kent, Secretary. 

Twelve applications for membership were received, and it was 
voted to recommend the applicants to the Association for election. 

The sub-committee on Annual Convention reported that it had 
selected as headquarters, during the convention, the Hotel Bruns- 
wick, Boylston Street, Boston. 

Adjourned. 
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OBITUARY.. 


Witti1am Downey, elected a member of this Association June 14, 
1899, died October 1, 1901. 

Mr. Downey entered the water department of Worcester, Mass., 
in 1883. He was employed in various capacities until about 1895, 
when he was made general foreman in charge of outside work, 
which position he held at the time of his death. He was forty-three 
years old, and left a wife and two children. 


JosEpH C. Hancock, superintendent of Water Works at Spring- 
field, Mass., died on July 12, 1902, at the age of seventy. 

Mr. Hancock was one of the original members of the Association, 
his membership dating from June 21, 1882. He had been superin- 
tendent of the Springfield Water Works for thirty-eight years. 


Frank E. Futter, who was elected a member of this Association 
on March 14, 1900, died on August 1, 1902. 

Mr. Fuller was born April 28, 1871; he was graduated from the 
Newton High School in 1890, and entered the Chandler Scientific 
School of Dartmouth College, but was forced to leave before the 
completion of the first year by a serious illness, which permanently 
undermined his health. In 1892 he entered the office of the city 
engineer of Newton; in 1895 he was employed in the engineering 
department of the Boston & Albany R.R. In 1897 he entered the 
employ of the engineering department of the Metropolitan Water 
Works, where he remained until December of 1901, leaving to take a 
sea voyage for his health. He finally reached Santa Cruz on the 
island of Tenerife, where he died after a lingering illness. He 
left a wife, but no children. 
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BOOK NOTICES. 


‘* Diagrams of Mean Velocity of Uniform Motion of Water in Open Chan- 
nels; Based on the Formula of Ganguillet and Kutter.” By Irving P. 
Church, C.E., Professor of Applied Mechanics and Hydraulics, College of 
Civil Engineering, Cornell University. John Wiley & Sons, New York. 
Price $1.50. : 


Professor Church says: ‘‘It-is perhaps quite generally admitted among 
hydraulic engineers that on account of the uncertainty usually attending 


. the choice of a proper ‘ coefficient of roughness’ (n) in the use of Kutter’s 


formula, it is well-nigh useless to observe great refinement in the employ- 
ment of that well-known equation for the mean velocity of uniform motion 
of water in open channels. Suitable diagrams, therefore, can furnish solu- 
tions of this equation which answer every practical purpose. A collection 
of such diagrams is here presented, one for each of eleven values of ‘n,’ 
(from .009 to .035), and ranging from 0.1 feet to 25 feet in the value of R, 
the hydraulic radius, the slope varying from 0.01 feet per thousand to 100 
feet per thousand (that is, from S = 0.00001 to S = 0.100).” 


The diagrams are very clear, and should be of much value to hydraulic 
engineers. 
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Garlock Packing Co. . 
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ADVERTISEMENTS. 


EMPIRE WATER METER 


IS RECEIVING THE HIGHEST COMMEN- 
DATION IN ALL SECTIONS OF 
THE COUNTRY 


Have You Given It a Trial? 


343,000 


CROWN—EMPIRE—NASH—GEM 
METERS USE 


NATIONAL METER COMPANY, 


84 AND 86 CHAMBERS STREET, NEW YORK. 


818 DEARBORN STREET, 169 FRANKLIN STREET, SARACEN CHAMBERS, 
OHIOAGO. BOSTON. LONDON. 


M. J. SD. 
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ADVERTISEMENTS. 


Che 
Criplex Pump 


Cown and Village 
Water Works and 
Pumping Service 


Zan be adapted for either Gas or 
Gasolene 


Hational Meter Company 
$4-86 Chambers Street 
Dew York 


Chicago Boston 
318 Dearborn Street 159 Franklin Street 
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iv ADVERTISEMENTS. 


HERSEY DISC METER 
HERSEY ROTARY METER 
HERSEY TORRENT METER 


The above are trade names given to the WATER METERS 
of our manufacture. 

A full description of each type can be found in our illustrated 
catalog, which we would be glad to supply you if you are in- 
terested. 

Over {5 years’ experience in the manufacture of WATER 
METERS. 


Over 1100 cities and towns using our meters. 


HERSEY MANUFACTURING CO. : 
MAIN OFFICE AND WORKS, SOUTH BOSTON, MASS. 


NEW ENGLAND OFFICE, TREMONT TEMPLE, BOSTON. 
NEW YORK, 220 Broadway. CHICAGO, 224 Lake Street. 
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UNION WATER 
METER CO., 
WORCESTER, MASS. 


Incorporated 1868. 


Showing: 58-inch 
Union Rotary Piston Meter. 


Manufacturers of the METER 
most extensively used on 
HYDRAULIC ELEVATORS, 
LOCOMOTIVE STAND PIPES, 
ete., etc. 


10} puss 


Water Pressure Regulator. 


The only positive Automatic Water Pressure Regulator in the 
market. We have never had a failure. 


| — 

ua Extra Heavy Rotary Piston Meter. 

3 _ 

3 ? 2 

| 

S. D. M. J. 


ADVERTISEMENTS. 


METER No. 
METER No. 
METER No. 
METER No. 


D. M, 


LAMBERT METER 


50,000 
100,000 
150,000 
192,812 


STAMPED AND SHIPPED TO COUNCIL BLUFFS, IOWA, 
MARCH 31, 1894. 


STAMPED AND SHIPPED TO PROVIDENCE, RHODE ISLAND, — 
AUGUST 24, 1897. ‘ 


STAMPED AND SHIPPED TO WOONSOOKET, R. I 
DECEMBER 28, 1899. 


SOLD SEPTEMBER |, i901. 
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ADVERTISEMENTS. 


Trident 


SOME OF ITS ADVANTAGES: 


The only meter in which the disk makes no contact against the diaphragm. 
Therefore, cannot be broken by fast running. The practical result is: 
Where others smash the Trident stands. 

The Compound Spur Gear train is jndestructib/e in regular service. Yet 
- it is quite as sensitive as the archaic types of meter trains. 

If frozen, the damage, in the §, 3, and 1 inch sizes, when provided with 
the resilient frost-bottom, will be nothing. We insure all damage from 
freezing whatsoever. How does this compare with the cost of insulating 
against frost? 

Its performance has been A/ghest in the comparative tests made by 
superintendents of water-works departments. Results of many of these trials 
may be had for the asking. 

Its Maintenance Account is many times /ess than that of any other 
meter of any type, or style, or name. We are prepared to “back” this 
proposition for glory, for science, or for cash. Free for all; fair field and 
no favor. 


NEPTUNE METER COMPANY, 


MAKERS OF 


THE TRIDENT WATER METER, 


Designed by JOHN THOMSON, M. Am. Soc. C. E. 


FACTORY and MAIN OFFICE: Jackson Avenue and Crane Street, Long Island City, 


Telephone, 10 Greenpoint. 


NEW YORK CITY OFFICE: 253 BROADWAY, 
Long Distance Telephone, 3080 Cortlandt. 
Distributing Warehouses : 
409 Commercial Street, BOSTON. 92 La Salle Street, CHICAGO, 


AUGUST, 1901. 
S. D. M. J. 
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viii ADVERTISEMENTS. 


NEWARK, N. J. 


Manufacturers of 


Tapping Machines, Fire Hydrants, ‘ 
Water Gates, Economic Lead Furnaces, 

Corporation and Curb Cocks, 
Brass and Aluminum Castings. 


Also General Supplies for Water and Gas Works. 


Write for Catalogue. 


M. J. S. De 


THE PECK BROS. & CO. 


Brass GOS 


FOR WATER, GAS, AND STEAM. © 


BRASS FOR WATER COMPANIES. 


Factory and General Office, NEW HAVEN, CONN. 
27 West 42d Street and 30 West 43d Street, NEW YORK, 
155 and 157 High Street, BOSTON, MASS. 


D. M. J. S 
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ADVERTISEMENTS. 


ALWORTH 
MFG 60. 


BOSTON, 


NEW YORK OFFIGE, 
PARK ROW BUILDING, 


Manufacture and control 


JHE HALL TAPPING MACHINE 


Without an equal. 
Three machines in one. 
_ Endorsed by all Who habe used it. ¢ 


Also 


HEHALL PATENT PIPE GUTTER 


For Cutting Cast Iron Pipe 
in the Trench. 


Wrought and Cast Iron Pipe and Fittings. 
Brass Work of all Kinds. 
Water, Steam, and Gas Fitters’ Tools 
and Supplies. 
Extension Shut-off Boxes. 
Straight-way and Hydrant Valves a 
Spectaity. 
Miller’s Ratchet Pipe-Cutting and Threading 
Tools, &c. 
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x ADVERTISEMENTS. 


SULPHATE OF ALUMINA 
For Water Filtration 


Pennsylvania Salt Mfg. 


J. S.D. M. 


Co. PHILADELPHIA 


THE MASON REGULATOR CO. 


ESTABLISHED 1883. 


StanparD STEAM SPECIALTIES, 


Reducing Valves, Damper Regulators, ee 

Governors, and Automatic Appliances of 

descriptions for the regulation and control of 
Steam, Water, and Air Pressures. 


158 Summer Street, cor. Federal Street, Boston, Mass. 


J. SD. M, Works at Milton, Mass. 


National Lead Company. 


BOSTON BRANCH: 


89 State Street, Boston, Mass. 


MANUFACTURERS OF 


Lead Pipe and Sheet Lead. 


J. S. D. M. 


Geo. W. Kxowtton Rusper Co. 


ROD AND SHEET 
PACKINGS 


72 Broad Street, BOSTON, MAss. 


M.J.S.D. - 


Cast-Iron Pipe and Special Castings, 


HYDRANTS AND VALVES. 
Flanged Work, Machi Casti a 
Onatings of all destriptieas 
JOHN M. HOLMES, 
712-13 Rothschild Building - - Philadelphia, Pa. 


Get our peices on Water Works Supplies before buying 
elsewhere. 


S. D. M. Je 


Cards this size cost but 
$10.00 per year. 


Ha rold Bond, & C0. 


w 
PIPE- 
JOINTER 
TRY IT ao 
Lead Furnaces, Jute Calk= 


ing Tools, and all supplies for 


WATER WORKS CONSTRUCTION 


Send for Price-list 
140 Pearl Street . BOSTUN 


J. S. De Me 
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ADVERTISEMENTS. 
They set the Pace 


ASHTON POP YALYES 
and... STEAM GAGES 


Superior in Quality of material and workman- 
ship, and with greatest efficiency and durability, 
they challenge comparison with any others on 
the market. Senda trial order subject to ap- 
proval CNTY IF SATISFACTORY, and thereby prove the claims made for 
them. HIGH GRADE GOODS OUR EXCLUSIVE SPECIALTY. 


P The ASHTON VALVE CO., 271 Franklin Street, BOSTON, MASS. 


SCANNELL & WHOLEY 


rues STEAM BOILERS 


Stand Pipes, Penstocks, Tanks, Etc. 


STEEL and IRON PLATE WORK 


EVERY DESCRIPTION 


Nos. 26 to 48 Tanner St., Lowell, Mass. 


S. D. M. J. 


J.B.CAMPBELL BRASS WORKS. 


16TH STREET, ERIE, PA. 


CURB BOXES 


That Shed Water. 


Write for description of other good points. 
Full Round Way Curb 
and Corporation Cocks. 


BRASS and IRON GOODS for. . 
WATER and GAS CONNECTIONS. 
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xii ADVERTISEMENTS. 


IE have manufactured LEAD 
IafA5) LINED IRON PIPE for ten 
years. If you want a reliable Service 
pipe, you should use it. We also 
manufacture Tin Lined Iron Pipe. 


Lead Lined Iron Pipe Co. 


WAKEFIELD 
MASS. 


THOS. E. DWYER 
Manager 


j. SD. M. 
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Chadwick-Boston Lead Co. 


Corner Congress and Franklin Streets 


162 Congress St. BOSTON 180 & 182 Franklin St. 


LEAD PIPE AND SHEET LEAD 


Patent Tin-lined Pipe 


Pure Block Tin Pipe 


PIG LEAD 


(Best Brands for Joint Work always in Stock) 


Pig Tin, Wire Solder, Pumps, etc. 


ALSO 


“Forest River” and “Star” Brands 


PURE WHITE LEAD 


Ss. D. M. T. 
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Xiv ADVERTISEMENTS. 


R. D. WOOD. & CO. = 


Constructors Engineers 
of Water and Iron Founders 
Gas Works and Machinists 


Office .... 400 Chestnut Street, Philadelphia. 


Foundries and Works: 


TURBINE WHEELS, 
Pumping Machinery, 
Hydraulic Cranes, 
Lifts and Machinery, 
Heavy Loam Castings, 
. Gate Valves, 
Hydrants. 


: 


Improved” Hydrant. 
434, 5, and 6 inches. 
Valve-openi 


M. J. S. D. 
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Xvi ADVERTISEMENTS. 


Warren Foundry Machine C0, 


Works at Phillipsburg, New Fersey. ...... 
Sales Office, 160 ‘Broadway, New York. 


Cast Iron, Water From 3 to 48 inches 
and Gas © Pr | r E in diameter. 


ALSO — 


ALL SIZES OF FLANGED PIPE 
SPECIAL CASTINGS. 


EMAUS PIPE FOUNDRY, 
DONALDSON IRON CO., 


MANUFACTURERS 
OF. 


CAST 
IRON 
PEPE 


AND .. 


Special Castings for Water and Gas. 
Also Flange Pipe, Lamp Posts, Street Castings, 
Manhole Heads and Covers, etc. 


JOHN DONALDSON, President, 
4 Betz Building, Co 5 Pa. EMAUS, 
‘GEORGE ORMROD, 
Manager and Treasurer, Emaus, Pa. LEHIGH COUNTY, PA, 


S. D. M. J. 
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gUMMON,, 
pe MANUFACTURERS OF YI) & 


CAST IRON 


GLAMORGAN =, 
FIRE HYDRANTS, VALVES VALVE BOXES. 
= LAMP POSTS ano SEWER CASTINGS. xs 
GENERAL SALES OFFICE, I92 BROADWAY, 
NEW YORK. 


THOY, N.Y. 


MANUFACTURERS OF 


Se BRASS AND IRON 


GATE VALVES 


For Water, Gas, Steam or Oil. Tye | spk 


° - ALSO THE IMPROVED PATENTED BALANCE 
SWING-GATE CHECK VALVES. 


HE COREY FIRE HYDRA 


CHICAGO OFFICE, 1108-9 MONADNOCK BLOCK. - 
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xviii ADVERTISEMENTS. 


GLOBE 
SPECIAL CASTINGS 


FOR WATER WORKS 


“TI prefer your Globe Specials to any we have ever used.” 


All common sizes carried in stock, 
ready for immediate delivery 


“They are a saving to the party who furnishes the pipe.” 


THE VENTURI METER 


Is a practical meter for measuring large 
quantities of water 


Its accuracy is unquestioned, and it is fre- 
quently employed to test the performance 


of pumps 


No by-pass is necessary, and the cost of 
tees, elbows, and gate valves is avoided 


BUILDERS IRON FOUNDRY 


PROVIDENCE, RHODE ISLAND, U.S. A. 
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ADVERTISEMENTS. 


THE LUDLOW VALVE MFG. CO. 


++» MANUFACTURERS OF ... 


VALVES AND FIRE HYDRANTS 


This hydrant is anti-freezing, because when the drainage 
is good no water is left in it to freeze. 
The drip is directly in the bottom of the hydrant and 
drains perfectly. It is protected by its valve, which 
never leaves its socket and cannot be clogged. 


DOUBLE AND 


SINGLE GATE 
valves, VORANTS 


ALSO CHECK 


YARD, WASH, 
AND FLUSH 


OFFICE AND WORKS: FOOT OF ADAMS STREET, TROY, N. Y. 


S. D. M. J. 


COFFIN VALVE CO. 


Neponset, Boston, Mass. 


Fire Hydrants 


Valve opens down 

Valve has rubber face 

Valve cannot chafe 
‘No water hammer 

Buckling rods avoided 

Valve removed without digging 
Least loss by friction 

Best waste device 


ASK FOR DESCRIPTION: 


M. J. S. D. 
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A. CLAFLIN & Co. 


Mfrs.’ N. E. Agents 


188-190Franklin St. , Boston, Mass. 


Oils, Packings, Hose, Lubricating De- 
vices, Injectors, and all 
Pumping Station Supplies 


INVESTIGATION 
SEND FOR PAYS 
CATALOGUE 
AND PRICES 


Star Anti-Clay Pipe 
Nelson Water Gate Jointer 


S. D. M. J. 


We make Pressure Regulating Valves 
for all purposes, steam or water. 


Our Feed-Water Filter will keep oil 
out of your boiler. 
We can interest you if you use a condenser. 


Water Engines for Pumping Organs 


WATER 


FILTERS 
REGULATORS| 
ENGINES 


it or write us. 


INDEX TO ADVERTISEMENTS (Continued). 


PAINTS. 
National Paint and Varnish Co........+-++ecceee 


PUMPS AND PUMPING ENGINES. 
Barr Pumping Engine Co. .......-. 
National Meter Co... . 
Snow Steam Pump Works. ..... 

R. D. Wood & C ‘ 


PUMP VALVES. 


Jenkins Bros. . . 
Geo. W. Knowlton Rubber Co... 


TAPPING MACHINES. 
The A. P. Smith M*fg Co... 
Sumner & Goodwin Co... 


TOOLS AND SUPPLIES. 

‘ Boston Engineers’ Supply Co. 
' Harold L. Bond & Co. .... 
The weer Tube Cleaner C 

Eagie and Supply Co... . 
Perrin, Seamans Co... 
The A. P. Smith Mis Co... 
Sumner & Goodwin Co. .. . 
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CHAPMAN 
Valve Manufacturing Co. 


General Office and AGENCIES 
Works ¥ ¥ ¥ 


Indian Orchard BOSTON 


94 Pearl St. 
Massachusetts 
NEW YORK 
28 Platt St. 


PHILADELPHIA 
18 N. Seventh St. 


CHICAGO 
28 S. Canal St. 


CLEVELAND 
97 to 99 Superior St. 


‘ST. LOUIS 
810 N. Second St. 


SAN FRANCISCO 
32 First St. 


LONDON 
147 Queen Victoria St. 


Manufacturers of 


Valves and Gates | 


for all purposes ¥ ¥ Also JOHANNESBURG 
South Africa 


Gate Fire hydrants 


. 4 
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Barr Pumping 
Engine Company, 


Philadelphia, U. S. A. 


High Duty Water Works 
Pumping Engines. 


Send for pamphlet of . ~«° Haverhill 
Pumping Engine. Highest duty ever 
recorded for Bi-Compound Engine. 


MAIN OFFICE AND WORKS, 


Germantown Junction, P. R. R., Philadelphia. 


M. J. S. D. 
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Xxiv ADVERTISEMENTS. 


-- 


PINNACLE. 


(NOTED FOR ENDURANCE) 


HIS 1S POSITION 


‘occupy IN THE. MARKET TODAY — “WRITE FOR 

CATALOGUE “AND PRICES. “ALSO, PREMIUM LIST. 
‘TWENTY- ONE. USEFUL ARTICLES , 
(GIVEN, “AWAY FREE TO 


EAGLE OIL & SUPPLY CO. 


104 BROAD STREET. BOSTON. MASS. 


With a trial order of 


EAGLEINE OILS and PACKINGS 


The recollection of QUALITY remains 
long after price is forgotten 


F£OR LATAL O 


J. 


ADVERTISEMENTS. 


Here’s a Lubricant 


That won’t Gum, Harden, 
Drip or Freeze 


KEYSTONE GREASE 


T will reduce friction and lower the cost of 
lubrication because it doesn’t run off and 
waste away like oil, or leave a residue to 

harden on the bearings like many other lubri- 
cants will do. 

There’s no clogging or stiffening up of bear- 
ings —they are kept cool —clean and will always 
run easily when Keystone Grease is properly 
applied. 

We can demonstrate these facts to your sat- 
isfaction, and prove that Keystone Grease will 
last longer than double its value of oil, if you 
will send us your name and address, and receive 
a can of 


Keystone Grease 


for trial, together with a Keystone Brass Grease 
Cup Free, expressage prepaid. 


KEYSTONE LUBRICATING CO. 


20th Street and Allegheny Avenue 
PHILADELPHIA, PENNA. 
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Xxvi ADVERTISEMENTS. 


ARTESIAN AND DRIVEN WELLS. | 


have had twenty-five years’ experi- 
ence in supplying cities and towns 
and large corporations by the artesian 
and driven well system. We have also driven 
many thousand wells for domestic purposes. 
Our experience enables us to locate with a 
great degree of accuracy the most favorable 
places for obtaining water. 


We have patented and manufacture a Sand and 
Air Separator, capable of taking care of from one 
to eight million gallons of water per day. It pre- 
vents the sand from rising to the pump. No driven 
well system is complete without one. Send for de- 
scription and price. 


SAND AND AIR SEPARATOR, Pat. No. 545,026. We refer by permission to 


GEO. BOWERS, City Engineer, and ROBT. J. THOMAS, Supt., Water Works, Lowell, Mass. ; 
N. P. MELDRUM, Chairman Water Board, Manchester, Mass.; E. J. CASTLE, Chairman Water 
Board, Methuen, Mass.; L. W. ARNOLD, Chairman Town Council, Westerly, R. I.; GEO. 
HOLMES, Chairman Water Board, Kingston, Mass.; Dr. H. F. NICHOLS, Supt. Tewkesbury State 
Hospital. For further information call on or address 


GRAVITY 


PRESSURE 
FILTERS 


Constructed under the 
JEWELL, WARREN AND HYATT PATENTS. 


“The Acknowledged Standard of Mechanical. Filtration.” 
Adopted by 152 cities. 


Patents Sustained by the Highest Courts. Highest Efficiency. Lowest Prices, 
NEW YORK CONTINENTAL JEWELL FILTRATION CO. 


15 BROAD STREET, NEW. YORK. 


S. D. M. J. 
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ADVERTISEMENTS. XXVii 


fin Authority for Authorities. 


_ This magazine covers the field of practical affairs of cities, and is the most up-to-date source 
of information for those who want the latest and best ideas on all subjects pertaining to munici- 
pal management. 


SOME OF THE COMMENTS ON IT: 


This magazine is the foremost publication in the world devoted to the practical affairs of 
municipalities. 

I have noted the article which you wrote up on 
the Middletown Water Works in the March num- 
ber of your magazine, and consider it one of the 
best descriptive articles ever written on this 
branch of our city’s utility. 

AS. Hitt, 


I have long found the “‘ Municipal Engineer- 
ing Magazine” useful for my own instruction 
and have always carefully ordered that it should 
be saved ~ = that I might have it bound 
permanently for my library. 

vi ALBERT SHaw, Editor, 
Clerk of Board of Water Commissioners, “‘ American Monthly Review of Reviews.” 
Middletown, N. Y. 

The finest publication of its kind, either in 
America or Europe. For an engineer to be with- 
out it should drop him to the foot of the class. 

D. Boro Engineer, 
P. O., Washington, Pa, 


_ “Municipal Engineering ” has much of prac- 
tical value to municipal administrators. Edi- 
torial comment is timely and good. 

Lake City TrisBunE. 


The articles in each number are of more than 


passing interest, and contain information I am 
ever anxious to possess. Its value cannot be ex- 
pressed in dollars to any man engaged in munici- 
work, Epwarp M. Laine, 
Superintendent Water Works and Sewers, 


The foremost municipal magazine of the 
country, or any country. ‘There is no magazine 
of higher practical value published anywhere. 
It ought to be made the duty of all municipal 
officers to read it monthly. 

SacraMENTO REcorD-UNION. 


Highland Park, Ill. 


Subscription price, $2.00 a year; $1.00 for six months. 
160 pages monthly. 


Municipal Engineering Company has just published the second edition of 
“The Directory of American Cement 
Industries and Hand-Book for 


Cement Users.” 


It is the most complete treatment of the practical use of cement that has yet appeared, in- 
cluding testing of materials, instructions, and full specifications. for all classes of cement work, 
data for making estimates, etc. It is the o#/y publication giving any view of the cement indus- 
tries, containing descriptions of cement plants, officers of cement companies, and directories 
of cement brands and of sales agents, dealers, contractors, and other users of cement; engineers, 
architects, and other supervisors of its use; cement workers, manufacturers of machinery and 
tools for cement manufacturers and users; makers of and dealers in lime and plaster,— none of 
which can be obtained to any appreciable extent in any other publication. The new edition is 
greatly enlarged and brought up to date. 

Full cloth, prepaid, $5.00. 


Send subscriptions for the Magazine and for the Cement Directory to 


MUNICIPAL ENGINEERING COMPANY, 


No. 28 South Meridian St., No. 1 Broadway, 
INDIANAPOLIS, IND. NEW YORE. 
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XXViii ADVERTISEMENTS. 


EMBERS of the New England 
Water Works Association, when 
about to purchase supplies, should al- 
ways consult the advertising pages of the 
Journat, and at least allow the advertis- 
ers a chance to submit prices. When 


writing to advertisers always mention this 


JournaL. 
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ADVERTISEMENTS. 


Notice the Blades--Have You? 


Patented May 12, 1896. 


Its Cleaning Blades have unrivaled cleaning efficiency, but 
cannot injure the tubes. 

Its Cleaning Blades lose no effectiveness by wear until worn 

to limit of wear adjustment; they are then easily and 

quickly removed and new ones substituted. 

Its Cleaning Blades and their controlling springs are the only 

wearing points and can be had by return mail on applica- 

tion to us, or any of our agencies. 

Its Cleaning Blades always wear sharp. 


AGENCIES: 


CHICAGO, ILL. TROY, N. Y. 
11 South Canal Street. 179 River Street. 
MANCHESTER, N. H. PEABODY, MASS. 
972 Elm Street. 29 Main Street. 


LAWRENCE, MASS. 
582 Essex Street. 
GREENFIELD, MASS, 
Cor. Main St. and Bank Row. 


BUTTE, MONT. 

216-218 No. Main Street. 
TOLEDO, OHIO. 
Cor. Summit and Jefferson Sts. 


AMSTERDAM, N. ¥ NEW YORK CITY, N. Y. 


5 Market Street. 18 Warren Street. 
NORTH ADAMS, MASS. BUFFALO, N. Y. 
64 Main Street. 81 Main Street. 
HOLYOKE, MASS. FALL RIVER, MASS. 
73-75 Main Street. 139 Pleasant Street. 


ROCHESTER, N. Y. 
67-71 Exchange Street. 


TAUNTON, MASS. 
8 Union Block. 


SPRINGFIELD, MASS. PROVIDENCE, R. I. 
41 Taylor Street. 47 Exchange Place. 

BOSTON, MASS, NEW HAVEN, Conn. 
104 Broad Street. 292 State Street. 


DETROIT, MICH., Cor. First and Woodbridge Streets. 


THE CHALLENGE TUBE CLEANER CO. 


63 MARKET STREET, LOWELL, MASS. 
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ADVERTISEMENTS. 


PERRIN, SEAMANS 


57 OLIVER STREET, BOSTON, MASS. 


TOOLS AND SUPPLIES 


WATER WORKS CONSTRUCTION 


Send for Catalogue No. 7 


Agents for . . GOWING’S PATENT PIPE JOINTERS 


S. D. M. J. 


~~ PAINT 


REGISTERED IN US. PATENT OPFICE, JULY 6° 190: ‘The National Paint and Vasaish Co., 


FOR METAL Roos, TANKS, FENCES Cleveland, Ohio. 
G 
ANE 5 U. . aha using your Graphite Elastic Paint for 


+ a period of between two and three years, I write to 
exe say that it has given the very highest satisfaction. 
. Indeed, I feel that I cannot recommend it too 
strongly. My own experience convinces me that 
for the uses to which it is applied, Graphite Elastic 
Paint has no equal in the market. One year ago it 
became necessary to paint the inside of our stand- 
ipe, used in connection with the town water supply. 
4 was advised to use asphaltum; but my own judg- 
ment led me to prefer your paint. I tried bot 
however, to meet both views, The standpipe was 
painted inside with your Graphite Elastic Paint, 
with the exception of one lap upon which a lining 
was made of the best quality of asphaltum. 
Recently, upon drawing off the water and mak- 
ing a thorough examination, it was discovered that 
whereas the asphaltum had entirely disappeared, 
leaving in its stead a thick coating of rust, the 
Graphite Elastic Paint was in a perfect state of 
- preservation and not harmed, save where the ice 
orming on the surface of the water had left scars, 
as would have happened to any substance. 
I have never seen as good a substance for such a 
yorpess and should never use a substitute as long 
as I could procure your paint. 


Yours very truly, 
W. T. DOTTEN, 
Superintendent Water Works, 


THE NATIONAL PAINT == VARNISH GO. 
CLEVELAND, OHIO, 


Ss. D. Me 
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E. P. MoDonoucH. : Henry M. 


Boston Engineers’ Supply Co., 


RUBBER HOSE, BELTING AND PACKING, 


Oils and Mill Supplies, 


ENGINE PACKINGS, GREASE AND SPECIALTIES, 


No. 143 Broad Street, 
TELEPHONE, BOSTON 3559-2. B O S T O N 3 


Handlers of «‘ Highest Grades Cylinder Oils.’’ 


HYDRAULIC AND 
STEAM PACKING 


PATENT APPLIED FOk, 


_ An Elastic Sectional Rod and Plunger Picking. 


A. W. CHESTERTON & Co., 
64 India Street, Boston. 
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ADVERTISEMENTS.’ 


THE GOULD PACKING CO. 


If you want the best, get 


Gould’s Steam and 
Water Packing .... 


‘Trade Mark: The original ring packing 


Buyers will see that our name, Gould’s Steam and Water 
‘Packing, and our Trade Mark are stamped on evéry pack- 
cage. Unless so stamped they are imitations. 

In ordering be careful to give the EXACT diameter of 
-stuffing-box and of piston-rod or valve-stem. 


88 Cambridge Street, East. Cambridge, 


SD. M. J. 


-PacKings that Pack 


GARLOCK HIGH PRESSURE RING is made espe- 


cially for high steam pressures. The rubbercushion is on the 
INSIDE, and can’t be damaged by oil or intense*heat — the 
fibrous matter is absolutely HEAT PROOF. It positivel 
cannot bake, vulcanize or “burn-out”; it must WEA 
out. - It gives from four to six times the service of any other 
fibrous ‘steam’ packi 
WE GUARANT) 2B THAT IT WILL EASILY OUT- 
WEAR ALL OTHERS, OR WILL COST 
YOU NOTHING 
GARLOCK WATERPROOF HYDRAULIC is _posi- 
tively without an equal for cold water. It is used by the 
U.S. Government'on the disappearing gun carriages of all 
coast fortifications, and against hydraulic pressures of from 
1000 to 2500 pounds o squareinch. Used by City of New 
York, Boston, Lowell, Lawrence, and most of the large 
pumping stations in this country. It will easily outwear any 
others on. cold-water plungers and rods, 


OUR OFFER is to make you upa set of either of these, 
and if not the best you’ve ever used, we won’t charge you a 
cent. You can be the judge. 


WATERPROOF HYDRAULIC | CAN’T YOU GIVE US A TRIAL? 


THE GARLOCK PACKING 


All kinds of Packings and Engineers’ Supplies s 


12 Pearl Street ° ° 0 . . Boston 
New York San Francisco Chicago Philadelphia -St.Louis Pittsburgh Cleveland 
Palmyra, N, Y. Rome, Ga. 


1. S, M. 
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